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An accurate, rapid and reliable method for the simultaneous determination of 
48 pesticide residues in United Arab Emirates imported tea (Green and Black) by 
liquid and gas chromatography coupled with tandem mass spectrometry LC–ESI (+)-
MS/MS and GC-EI-MS/MS. Multiple reaction monitoring (MRM) mode was used in 
which two transitions for each compound for pesticide identification and 
quantification in the presence of internal standards. Modified quick, easy, cheap, 
effective, rugged, safe (QuEChERS) method was used for sample clean up and 
preparation for chromatographic analysis. The performance of the newly developed 
analytical method was validated in accordance with EU SANCO guidelines 
(SANCO/12571/2013) for monitoring pesticide multi-residues by evaluating method 
linearity, recoveries, precision (reproducibility and repeatability), sensitivity (limits 
of detection (LODs) and limits of quantification (LOQs)) for each one of the tested 
pesticides. 
LC-MS/MS was used to detect and quantitate 38 pesticides residues. For 
Black tea, 70% of tested pesticides spiked at levels of 10 and 100 ng.mL
-1
, the mean 
recoveries were 99.83% and 94.27%, and average RSD were 14.38% and 13.4 %, 
respectively. For Green tea, 80% of the tested pesticides spiked at levels of 10 and 
100 ng mL
-1
, the mean recoveries were 93.75% and 95.08, and average RSD was 
11.10% and 13.14%, respectively. GCMSMS, used to detect 10 pesticides residues. 
For Black tea, 70% of tested pesticides spiked at levels of 10 and 100 ng mL
-1
, the 
mean recoveries were 85.35% and 78.47%, and average RSD were 10.50% and 
8.60%, respectively. For Green tea, 80% of the tested pesticides spiked at levels of 
10 and 100 ng mL
-1
, the mean recoveries were 79.29% and 73.35%, and average 
RSD were 7.46% and 5.94%, respectively. The limits of detection for all targeted 
pesticides lower than the respective MRL established by codex and the EU 
legislations. 
Real tea samples of different types and brands were collected from UAE local 
markets during the time period of 2014-2015and were analyzed in five replicates for 
each brand. Three green tea brands and five black tea brands in addition to two 







Buprofezin and Acetamiprid pesticides were found in green tea samples but at lower 
concentration levels, below the Maximum Residue Levels (MRL) values set by the 
CODEX and EU. Also, Difenoconazole found in slimming tea at lower concentration 
levels, below the Maximum Residue Levels (MRL). 
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Title and Abstract (in Arabic) 
 
التقذير الوتعذد لوتبقياث الوبيذاث في الشاي الوستىرد لذولت االهاراث العربيت الوتحذة 
 باستخذام جهازي التحليل الكروهاتىجرافي السائل والغازي ثنائي هطياف الكتلت 
 
 صالولخ
حمذَش بماَا بعض انًبُذاث فٍ انشاٌ بُىعُه )االخضش  انهذف يٍ هزا انبحذ هى
 يجهاص واالعىد( انًغخىسد نذونت االياساث انعشبُت بذلت وعشعت وَخائج يىرىق بها بىاعطت
 LC–ESI (+)-MS/MS and)يطُاف انكخهتانغائم وانغاصَزُائٍ  انخحهُم انكشوياحىجشافٍ
GC-EI-MS/MS) ٍَباعخخذاو طشَمت عشَعه وعههت  انًضود بانًحهم انحغاط بشرار انخأ
انخطبُك وسخُصت انخكانُف وراث كفاءة عانُت ودلُمت وَخىفش فُها االياٌ )كاحشش(. حى انخحمك يٍ 
صحت وكفاءة طشَمت انخحهُم انًخبعت فٍ انبحذ بًا َخىافك يع حىجُهاث االححاد االوسوبٍ 
(SANCO/12571/2013)  يٍ خالل حمذَش يعاَُش نهخمذَش انًخعذد نًخبمُاث انًبُذاث ورنك
( و دلت recoveries( ويعذل االعخشجاع )linearityصحت طشَمت انخحهُم يزم انخطُت )
( يٍ خالل حمذَش انخكشاسَت وايكاَُت precisionانطشَمت انًغخخذيت )
كًا حى حمذَش حغاعُت انطشَمت يٍ خالل   (reproducibility and repeatability)االعخعادة
 (. LOQs( وحذ انخمذَش انكًٍ االدٍَ ) LODsحغاب كال يٍ حذ انكشف االدٍَ )
يبُذ باعخخذاو جهاص انخحهُم  38وكاَج يٍ اهى انُخائج انًخحصم عهُها حمذَش بماَا عذد 
ٍ انًبُذاث وجذث % ي70انكشوياحىجشافٍ انغائم انًضود بزُائٍ يطُاف انكخهت وكاَج انُخائج 
َاَىجشاو / يم وكاٌ يخىعظ يعذل االعخشجاع )  100- 10فٍ انشاٌ انًهىد بخشكُضاث 
%( عهً 13.4-%14.3% (، يخىعظ انًعُاس انُغبٍ نالَحشافاث ) 94.27 -% 99.83
َاَىجشاو / يم يٍ انًبُذاث لُذ  100- 10انخىانٍ. فٍ حٍُ انشاٌ االخضش انًهىد بخشكُضاث 
 -% 95.08% يٍ انًبُذاث وكاٌ يخىعظ يعذل االعخشجاع )80مذَش بماَا انذساعت حى ح
%( عهً انخىانٍ. وحمذَش 11.1-%13.14%(، يخىعظ انًعُاس انُغبٍ نالَحشافاث )93.75
يبُذاث باعخخذاو جهاص انخحهُم انكشوياحىجشافٍ انغاصٌ انًضود بزُائٍ يطُاف  10بماَا عذد 
 100- 10ذاث وجذث فٍ انشاٌ انًهىد بخشكُضاث % يٍ انًب70ُانكخهت وكاَج انُخائج 
%(، يخىعظ انًعُاس 85.35 -% 78.47َاَىجشاو / يم وكاٌ يخىعظ يعذل االعخشجاع )
%( عهً انخىانٍ. فٍ حٍُ انشاٌ االخضش انًهىد 10.50-%8.60انُغبٍ نالَحشافاث ) 






% (، يخىعظ انًعُاس انُغبٍ نالَحشافاث 79.29 -% 73.35وكاٌ يخىعظ يعذل االعخشجاع ) 
%( عهً انخىانٍ. لذ كاٌ انحذ االدٍَ نهكشف نكم بماَا انًبُذاث يحم انذساعت 7.46-5.95%) 
د االوسوبٍ. بًغخىَاث الم انحذود انمصىٌ انًغًىح بها وانخٍ الشحها كال يٍ انكىدكظ واالححا
يٍ االعىاق انًحهُت بذونت االياساث  2015-2014حى حجًُع عُُاث يٍ انشاٌ فٍ انفخشة يٍ 
انعشبُت انًخحذة، خًظ يكشاساث يٍ انعُُاث يٍ رالد عالياث حجاسَت نهشاٌ األخضش وخًغت 
يكشاساث يٍ انعُُاث يٍ خًظ عالياث حجاسَت نهشاٌ االعىد باإلضافت إنً خًغت يكشساث 
بماَايبُذٌ  حىاجذرٍُُ يٍ انعالياث انخجاسَت نشاٌ انخخغُظ وكاَج انُخائج انًخحصم عهُها يٍ ا
( فٍ عُُاث انشاٌ االخضش Buprofezin and Acetamiprid) اعُخايُبشدو بىبشوفُُضٍَ
بخشكُضاث الم يٍ انحذود انًغًًىح بخىاجذها وانخٍ الشحها كال يٍ انكىدكظ واالححاد 
 داَفُُكىَاصوليبُذ  حُذ وجذ فُهشاٌ انخخغُظ  نًباإلضافت إاالوسوبٍ 
(Difenoconazole يٍ انحذود انًغًىح بها. ألم( بخشكُضاث 
 
: انشاي، حمذَش، يخبمُاث انًبُذاث، انكشوياحىجشافٍ انغاصٌ، هفاهين البحث الرئيسيت
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Chapter 1: Introduction 
 
1.1 Overview and Statement Problem 
Tea (Camellia sinensis) is one of the most popular health beverages in the world 
due its antioxidant properties and resultant beneficial effects on human health. Tea 
(both green and black) is consumed throughout the world, both for pleasure and 
therapeutic purposes. 
Recent studies have shown that tea confers great beneficial effects to the health of 
consumers, including the effects of reduction of cholesterol, depression of 
hypertension, anti-oxidation, anti-microbial, protection against cardiovascular 
disease and cancer (Trevisanato & Kim, 2000) 
There are different ways to classify tea, first regarding tea processing and its 
chemical composition (Graham, 1992). The extend of fermentation of fresh tea 
leaves results in different types of tea, i.e., black tea (~78%), green tea (~20%), and 
oolong and puer tea (<2%), which are the major commercially available types around 
the world (He et al., 2009).In black tea, most polyphenols are oxidized during tea 
fermentation, whereas oxidation of polyphenols is prevented during production of 
green and puer tea. However, oolong tea is a partially oxidized product (Graham, 
1992).  
As with other agriculture commodities, tea farming is exposed to several 
pests. To ensure quality and food safety, pesticides are widely used in nearly every 
period of cultivation, storage and product manufacturing processes of tea (Zhiqiang 
Huang et al., 2009);(Z. Huang, Li, Chen, & Yao, 2007; Jaggi, Sood, Kumar, 






can be harmful to human health, and due to its high consumption rate, tea drinking 
can represent a potential source of human exposure to pesticides. 
Manufacturing process may have influence on the pesticide residues in tea. 
Sood et al. studied the effect of green tea and orthodox black tea manufacturing 
processes on the fate of pesticides sprayed onto tea bushes. Also, compared the fates 
of residues of two different types of tea manufacturing processes (For black tea, the 
manufacturing process involves leaf harvesting, withering, rolling, fermentation and 
drying; and for green tea, leaf harvesting, microwave heating, rolling and drying) 
they found initial microwave heating and dehydration in the green tea manufacturing 
process resulted in greater loss of pesticide residues than did withering and 
dehydration in black tea; no significant reduction in residue level resulted from the 
rolling and fermentation steps in black tea. Residue levels in both green and black 
teas were reduced during final drying (Sood, Jaggi, Kumar, Ravindranath, & 
Shanker, 2004). Moreover, Karthika and Muraleedharan have studied effect of 
manufacturing process on the residues of fungicide on green tea (Karthika & 
Muraleedharan, 2010)Significant loss of residues was noted at each stage of the 
manufacturing process. The total loss in residues upon manufacturing of these 
fungicides ranged from 12.20% to 57.14%. 
While extensive monitoring of pesticides in tea has been performed in many 
countries for years, a regular control of tea, one of the most popular commodities in 
the world, was less frequent. Maximum residue limits (MRLs) have been set in the 
European Union (EU) by the directive 91/414/EEC, amended and implemented by 
the regulation on maximum residue levels of pesticides in food and feed of plant and 
animal origin 396/2005/EC for about 450 pesticides in tea, to protect human health 






investigation and public concern related to the presence and control of trace-level 
multi-residues of pesticides in tea leaves in the last years. Consequently, robust, 
sensitive and selective analytical methods for residue analysis of pesticides in tea are 
required. Today, one of the most popular methods worldwide for pesticide residue 
analysis in different food matrices utilize the quick, easy, cheap, effective rugged, 
and safe (QuEChERS) method first published in 2003 (Anastassiades, Lehotay, 
Stajnbaher, & Schenck, 2003). QuEChERS is a sample cleanup method that is used 
for preparing the sample for next step analysis which is mostly gas or liquid 
chromatography analysis. 
Generally, pesticide residue analysis is carried out in a sequence of steps. 
First, extraction of target analytes with organic solvents from the sample matrix, then 
more or less but most important clean-up steps, followed by liquid or gas 
chromatographic (LC or GC) determination, commonly followed by mass 
spectrometry (MS). The major sources of uncertainty in LC–MS as well as in GC–
MS analysis are matrix effects (Zrostlikova & Hajslova, 2003). Co-eluting matrix 
components may be responsible for (i) false-negatives, (ii) false-positives, or (iii) in 
accurate quantitation, depending on the pesticide and the matrix(Taylor, 2005).A 
high degree of precision and accuracy is indispensable for pesticide residue analysis 
methods, which correlates with a sufficient removal of co-extractives causing matrix 
effects (Kruve, Kuennapas, Herodes, & Leito, 2008). For clean-up of sample 
extracts, gel permeation chromatography (GPC), cartridge solid-phase extraction 
(SPE), and dispersive SPE (dSPE) are few examples of cleanup methods that have 
widely been applied in pesticide residue analysis(L. Zhang et al., 2012).However, 
they are time and solvent consuming except dSPE, not highly efficient in any case, 






& Warschewske, 2009).Even though numerous methods(Botitsi, Garbis, Economou, 
& Tsipi, 2011; Fernandez-Alba, Garcia-Reyes, & F, 2008) have been described for 
various food matrices within hundreds of publications, residue analysis of pesticides 
still remains an analytical challenge. This is true especially for very difficult (dirty) 
matrices, such as tea. During the past 10 years, quite a few efforts have been made in 
method development for pesticide residue analysis in tea, especially using GC–MS 
(Y.-Y. Hu, Zheng, He, & Sheng, 2005; Z. Huang et al., 2007; Zhiqiang Huang et al., 
2009), however, sample clean-up and solvent consumption are still unsatisfactory. 
Depending on the tea type, tea samples consist of complex matrix 
components including pigments, alkaloids and polyphenols and lipophilic inclusions 
(Lu et al., 2010). Due to the special tea processing technology, some tea cells are 
destroyed and the cell contents run out and spread over the leaves. During the 
extraction process of pesticides for residue analysis, they can easily be extracted with 
organic solvents, however, other organic components will be also extracted and 
accompany the pesticide residues in the organic phase layer of the extraction solution 
(Peng, Kuang, Li, & Xu, 2007).Consequently pesticide residue analysis in tea is 
much more difficult than in fruit or vegetables, owing to immense matrix 
interferences. To overcome the huge matrix effects caused by co-extractives in tea 
extracts, currently available methods employ matrix-matched calibration standards 
(Chen, Cao, & Liu, 2011; Lu et al., 2010; Xin Yang et al., 2009), but in many of 
these reports a reliable sample clean-up is not applied. Though, some clean-up 
methods have been reported for tea, there still exist strong deficiencies particularly in 
terms of insufficient purification, high organic solvent consumption, difficult 
sampling procedures, and poor repeatability (Z. Huang et al., 2007; Kanrar, Mandal, 






2007; Soon-Kil et al., 2008).Generally, the optimal clean-up method for residue 
analysis, not only for tea, should be selective, effective, cheap, automated and 
applicable to a wide range of pesticides and matrices. These qualifications could be 
fulfilled by the new high-throughput planar solid phase extraction (HTpSPE) clean-
up method recently introduced for QuEChERS extracts of fruit and vegetables 
(Oellig & Schwack, 2011). The benefits of high performance thin-layer 
chromatography(HPTLC) to detect nearly everything on the plate, combined with 
low-cost fast side-by-side sample analysis under repeatable conditions, high 
automation and the capability of multi-detection were used in HTpSPE clean-up on 
planar thin-layers (Morlock & Schwach, 2008). 
The UAE is the fourth importing country (109,000 tonnes) and the largest re-
exporter of tea globally, with more than 60 per cent of the world‟s market share. Four 
countries produce approximately 70 per cent of the world‟s tea, including China (35 
per cent), India (20 per cent), Kenya (8 per cent) and Sri Lanka (7 per cent). Kenya, 
Sri Lanka, China and India‟s annual tea exports stand at 396,000 tonnes, 318,000 
tonnes, 300,000 tonnes and 203,000 tonnes, respectively. In terms of tea imports, 
Russia was the top ranking country with 182,000 tonnes, followed by the UK 
(157,000 tonnes) and the US (116,000 tonnes) (Boltion, 2014). 
Monitoring food quality and safety has become more important both in the 
domestic and export market. UAE has prioritized food safety and quality in order to 
prevent the adulteration of foodstuffs and to safeguard the rights and well-being of 
the consumers by effective implementation of the Food Act, thus retaining the 







1.2 Objectives of the Study 
General Objective 
The general objective of this study was to determine pesticides residues in 
imported tea in UAE  
Specific Objectives 
1- To compare of observed residue level of a particular pesticide with CODEX 
and European Union (EU) recommended Maximum Residue Limit (MRL) in 
imported tea and disseminating this information to the policy planners. 
2- To utilize an advanced methodology and sensitive technique to determine 
multi pesticide residues in tea in short time run, using modified QuEChERS 
method and determination by means of LC–ESI (+)–MS/MS and GC–EI–
MS/MS. 
3- To validate the pesticide multi-residues analysis in different types of 
imported tea in UAE to produce accurate and reliable results and providing 
limits of detection and quantification of pesticides residues in tea. 
1.3 Scope of Work 
A large scale survey of imported teas to the United Arab Emirates markets 
had been carried out in 2014and 2015.The highest importing tea brands to UAE were 
analyzed for the residues of certain pesticides using QuEChERS method. 
The following list represents the pesticides that were selected to be analyzed in the 
imported tea to the UAE. They include the mostly used pesticides to control pests 
and herbs in the exporting countries as the list includes: (Acephate, Acetamiprid, 
Aldicarb, Azinphos-ethyl, Azinphos methyl, Azoxystrobin, Benalaxyl, Boscalid, 
Buprofezin, Carbaryl, Carbendazim, Carbofuran, Chloroxuron, Clomazone, 






Ethoprophos, Fenazaquin, Fenoxycarb, Fluazifop-P-butyl, Flufenacet, Flutolanil, 
Hexythiazox, Imazalil, Imidacloprid, Iprovalicarb, Malathion, Methomyl, 
Monolinuron, Propaquizafop, Propoxur, Propyzamide, Pyraclostrobin, Pyrazophos, 
Pyrimethanil, Rotenone, Simazine, Spiroxamine, Tebuconazole, Tebufenpyrad, 
Thiacloprid, Triazophos and Trifloxystrobin). Validation and testing the applicability 
of the „modified-QuEChERS‟ sample preparation on tea (green and black) were 
conducted. 
Development of database-based screening method for the target pesticide residues in 
tea samples by LC-MSMS and GC-MSMS techniques as following: 
- Selection of components to analyze and optimizing their MS/MS detection  
- Developing the qualitative and quantitative methods 
This study of pesticide residue was conducted in a laboratory which was accredited 
by United Kingdom Accreditation Service (UKAS) and certified to carry out the tests 
in line with the standard ISO 17025 since 2012. 
 
1.4 Approach 
This study involves the following tasks: 
Task 1.Developing a simple multi residues analytical method to determine 48 
pesticide residues in a tea matrix in short time run using certified pesticides 
standards. 
Task 2.Identification, confirmation, and quantification of multiresidues pesticides in 
tea matrixes by LC–ESI(+)-MS/MS and GC-EI-MS/MS using multiple reactions 







1.5 Relevant Literature 
1.5.1 Gas Chromatography with Different Detecting Techniques 
GC is less suitable to analyze compounds that are polar and thermally not 
stable of most pesticides, but this was the challenge. (Hong-Ping., Gwo-Chen., & 
Jen., 2004) provided a fast multi-residue method to screen 84 pesticides from a 
complicated tea sample matrix by a gas chromatograph system equipped with dual-
column, dual-tower auto-sampler and both electron capture detector (ECD) and 
flame photometric detector (FPD). Pesticides were extracted from tea with acetone 
and methylene chloride, and then cleaned up with solid phase extraction (SPE), thus 
direct cold extraction of pesticides from a tea sample is recommended. The 
recoveries of 84 pesticides in tea samples were 65-120% with 0.34-16% (RSD) for 
spiking 0.02-3.0 mgkg
-1
 (corresponding 20-3000 ng.mL
-1
) standard species. 
The identification and quantitative analysis of low-level pesticides play an 
important role in any analytical techniques, thus some of pesticides were difficult to 
determine by quadrupole GC/MS over by ion-trap GC-MS/MS. For example (Inoue 
et al., 2003) demonstrated the utility of ion-trap GC-MS/MS for the analysis of 
pesticides; Aldrin, Dieldrin, Endrin, alpha-BHC, beta-BHC, gamma-BHC, delta-
BHC, p,p'-DDD, p,p'-DDE, o,p'-DDT and p,p'-DDT in green tea, black tea or oolong 
tea. They found that most of the pesticides in the matrix could not be determined by 
quadrupole GC/MS-Scan analysis at 0.1 mgmL-1(corresponding 100000 ngmL-1). 
However, every pesticide was identified from the mass spectrum using ion-trap GC-
MS/MS at the same concentration, moreover, the quantitation limit of every pesticide 
in each matrix by ion-trap tandem mass spectrometry GC-MS/MS analysis was 






spectrometer operated in selected ion monitoring GC/MS-SIM analysis. The 
calibration curves obtained by GC-MS/MS were linear in the range of 0.01-0.25 
mgmL-1(corresponding 10000-250000 ngmL-1)of each pesticide. The recoveries of 
each pesticide from four kinds of samples spiked at the levels of 0.01 ppm to 0.02 
ppm(corresponding 10 to 20 ng mL-1) in extracts were 61.2-138.3% with standard 
deviation (SD) values in the range from 1.2 to 15.4%. This study revealed that ion-
trap GC-MS/MS was useful for the identification and quantitative analysis of low-
level pesticides residues in matrices of agricultural products. In addition, Steiniger et. 
al., have developed a simple multi residues method by using a modified quick, easy, 
cheap, effective, rugged, and safe (QuEChERS) extraction method in which 
pesticides have been extracted with acetonitrile containing 1% acetic acid(Steiniger, 
Lu, Butler, Phillips, & Fintschenko, 2010).The extract was subjected to 
centrifugation, initial cleanup with dispersive SPE (d-SPE), solvent exchange, and 
final cleanup with d-SPE. The determination of pesticide levels was performed on 
ion-trap GC-MS/MS. The correlation coefficient of selected 22 pesticides were 
greater than 0.9930. The recoveries were ranged from 78 to 115%, except for 
Diazinon (130%) and Malathion (122%), with an average (RSD) of 8.7%. 
Selected ion monitoring (SIM) is scanning mode in which only a limited 
mass-to-charge ratio range detected by the instrument. This mode of operation 
typically results in significantly increased sensitivity. Zhao and coworkers have 
developed a method to determine 25 organochlorine pesticides in tea samples using 
GC-MS with a selected ion monitoring (SIM) mode(Q. Zhao et al., 2006). They 
illustrated that working calibration curves for 25 organochlorine pesticides were 
linear in the range of 0.010-0.500 mgL-1(corresponding 10-500 ngmL-1) by GC-MS 






pesticides at spiked levels of 0.01-0.20 mgkg-1(corresponding10-200 ngmL-1) were 
70.8-105.5%, and relative standard deviations (RSD) were 1.6-12.7%. The reported 
limits of quantitation were 0.01 mg/kg (corresponding10 ng/mL) except that for 
Endosulfan I and Endosulfan II were 0.02 mg/kg(corresponding200 ngml
-1
). Penget. 
al. have reported a method for simultaneous determination of nine organic 
heterocyclic pesticide residues (Atrazine, Vinclozolin, Procymidone, Triflumizole, 
Imazalil, Buprofezin, Propiconazole, Fenarimol, and Pyridaben) by GC–MS with a 
selected ion monitoring (SIM) mode (Peng et al., 2007). After extracting pesticides 
with acetone/hexane mixture, a cleanup step was conducted using graphitized carbon 
black cartridge and neutral Al2O3 cartridge, the results showed that all pesticide 
residues were completely separated and qualified. Excellent recoveries from 73 to 
116% and LODs of 0.01–5.0 mgkg-1(corresponding10-5000 ngmL-1) were obtained 
along with wide linearity from 0.02 to 40 μgmL-1(corresponding20-40000 ngmL-
1).Yuchen et. al. established a sensitive, accurate and precision method for the 
determination of 21 organochlorine and pyrethroid pesticides in black tea by using 
gas chromatography-tandem mass spectrometry (GC-MS/MS) (Yuchen et al., 2012). 
The GC separation was optimized on a DB-5 capillary column, while the pesticides 
were determined by MS/MS in multiple reaction monitoring (MRM) mode and 
quantified by matrix-matched internal standard method, The resulted calibration 
curves showed good linearity's in the range of 5.0-320.0 µg L-1(corresponding 5.0-
320.0 ngmL-1)with the correlation coefficients greater than 0.99.The recoveries of 
pesticides spiked in the tea at three levels concentrations of 50, 100 and 200 ngg-
1(corresponding50, 100 and 200ngmL-1) were ranged from 70. 18% to 119.98% with 
the relative standard deviations (RSDs) of 5.01%-11.76%.Dunming and coworkers 






pesticide residues of Pyrazoles and Pyrroles in tea by accelerated solvent extraction 
coupled with gas chromatography-tandem mass spectrometry (ASE-GC-
MS/MS)(Dunming et al., 2013). The samples were extracted with ethyl acetate-
hexane mixture, then purified by Envi-Carb/PSA column, and eluted by ethyl 
acetate-hexane, the analytes were analyzed by GC-MS/MS using (MRM) mode and 
quantified by external standard calibration method. The limits of quantification were 
in the range of 1-12 ng.mL
-1
. 
1.5.2 Liquid Chromatography with Different Detecting Techniques 
Liquid chromatography combined with electrospray ionization triple 
quadrupole tandem mass spectrometry have advantage over single quadrupole mass 
spectrometry are ascribed to a higher selectivity that reduces interference of co-
eluting compounds and matrix. Xie et. al. developed rapid, sensitive and specific 
method for determination of Imidacloprid in tea samples(W. Xie, Ding, Jiang, & Xi, 
2006). The pesticide was extracted with acetonitrile solvent then cleaned up with 
Florisil and active charcoal column followed by analysis on liquid chromatography 
tandem/mass spectrometry LC-MS/MS. Good linearity was obtained in the range of 
0.01 - 0.5 mgL-1(corresponding 10-500 ngmL-1)with the correlation coefficients (R
2
) 
more than 0.997. The limit of quantification was 0.01 mgkg-1 (corresponding 10 
ngmL-1). The recoveries were 76% - 90% at the spiked levels of 0.01, 0.05 and 0.2 
mgkg-1(corresponding 10, 50 and 200 ng/mL) with the (RSD)of 7.4% - 11.0%.Liu et. 
al. have reported the advantages of MS/MS systems over single quadrupole due to 
the lowered signal-to-noise, a more reliable identification of detected analytes using 
MRM as compared to SIM, a wider linear range, and a better accuracy and 






the analysis of pesticides at trace levels in the presence of many interfering 
compounds, enhancing signal to noise ratio and thus obtaining the lower LODs(S. 
Liu et al., 2010).Moreover, Lu et. al. have developed an Ultra HPLC (UPLC) 
coupled with tandem MS (UPLC–MS/MS) method for the simultaneous quantitation 
of six major constituents of the Pyrethrin residues (Pyrethrin I and II, Jasmolin I and 
II, and Cinerin I and II) in teas(Lu et al., 2010). They completely resolved and 
confirmed the presence of the above six compounds in a single run within short time 
(5 minutes), with LODs below 0.009 mgkg-1(corresponding 9 ngmL-1)which were 
lower than the maximum residue limits (MRLs) of 0.5mgkg-1(corresponding 500 
ngmL-1) in tea samples established by the European Union legislations in 2008. 
Moreover, Wang and coworkers have proposed method for determination of 
residuals of four herbicides and pesticides, Simazine, Carboxin, Diflubenzuron and 
Rotenone, in Chinese green tea by analyzing tea samples on UPLC-MS/MS 
instrument(S. Wang et al., 2013).The UPLC analysis usually utilize separation 
columns that have very small particle size and use small injection volumes and low 
flow rates of mobile phase. The ions were monitored in the multiple reaction 
monitoring (MRM) mode. The reported limit of detection (LOD) and limit of 
quantitation (LOQ) of the proposed method were1 μgkg-1 and 5 μgkg-1(corresponding 
1 ngmL-1 and 5 ngmL-1), respectively. The average recoveries of the four pesticides at 
10, 20, and 50 µgkg
-1
(corresponding 10,20 and 50 ngmL-1) spiking levels range from 
77.4% to 95.3%. 
Wen Xie et. al. have reported a sensitive HPLC–MS/MS method for 
quantitation of six neonicotinoid pesticides in a multiple reaction monitoring (MRM) 






compound(Wen Xie et al., 2011).The LOQ of 0.02 mgkg-1(corresponding 20 ngmL-1) 
and average recoveries of 82.1–108.5% were recorded. 
LC/ESI-MS/MS has proven to be a reliable tool to quantify the pesticides due 
to its superior sensitivity and good repeatability while UHPLC/Qq-TOF-MS has 
shown less sensitivity and poorer repeatability compared to the LC/ESI-MS/MS. 
This was evident by the work of Wang et al. where they reported that ultra-HPLC 
(UHPLC)/ESI quadrupole (Qq)-time-of-flight (TOF) MS showed much less 
sensitivity and poorer repeatability compared to the LC-electrospray ionization 
(ESI)/MS/MS for the determination of 141 pesticides in tea, which showed 87% of 
the pesticides had recoveries between 81 and 110%; 94% had an intermediate 
precision less than or equal 20%; and 90% showed measurement uncertainty less 
than or equal40%,but UHPLC/Qq-TOF-MS was used for confirmatory purposes 
based on the accurate mass measurement and isotopic patterns(J. Wang, Chow, & 
Leung, 2011). 
1.5.3 Analytical Technique for Extraction and Clean Up 
There are different extraction techniques to extract pesticides in complex 
matrices and prepare samples for the next step of analysis. Haung et al., have 
established an efficient method for simultaneous determination of 102 pesticide 
residues in teas. Following a cleanup using gel permeation chromatography (GPC) 
and solid-phase extraction (SPE), the quantitation of these pesticides was conducted 
by GC–MS(Z. Huang et al., 2007). Without significant interference from matrices, a 
high throughput determination of 102 compounds was achieved in 120 min.Hu and 
coworkers have developed method which was sensitive and highly efficient in 






organophosphorous, organochlorine and pyrethroid pesticides(B. Z. Hu, Song, & 
Xie, 2008). These pesticides were extracted with the solution of 
acetone/dichloromethane (1:1, v/v) using accelerated solvent extraction (ASE) and 
then purified using gel permeation chromatography (GPC) to eliminate most of the 
co extracts; also they further purified using Carb-NH2 and Florisil solid-phase 
extraction (SPE) cartridges prior to the identification using gas chromatography-mass 
spectrometry (GC-MS).Different detectors were attached with (GC-MS) in order to 
perform quantitative analysis, flame photometric detector (FPD) for 
organophosphorous pesticides and electron capture detector (ECD) for 
organochlorine and pyrethroid pesticides. The recoveries for most pesticides were 





relative standard deviations were less than 20%; the limits of detection varied from 
0.005 to 0.05 mgkg
-1
(corresponding 5 to 50 ngmL
-1
).Lou et al. have developed 
multiresidue analytical method for the determination of ninety-two pesticides in 
tea(Lou, Chen, Luo, Tana, & Liu, 2008). All samples were extracted with 
acetonitrile, for organophosphorus pesticides Envi-Carb SPE cartridge was used for 
clean-up, samples were eluted with 10 mL acetonitrile-toluene (3:1, v/v) and 
determined by gas chromatography-flame photometric detection (GC-FPD). On the 
other hand organochlorine pesticides and Pyrethroids pesticides were cleaned-up by 
Envi-Carb + NH2 SPE cartridges and eluted with 5 mL acetonitrile-toluene (3:1, v/v) 
and determined by gas chromatography-electron capture detection (GC-ECD). The 
recovery results of those pesticides were ranged from 80.3% to 117.1 with the (RSD) 
being from 1.5% to 9.8%. In addition limits of detection were 0.0025 - 0.10 mg Kg
-
1
(corresponding 2.5 - 100 ngmL
-1
).Wie et al. have established a method for the 






Acetamiprid and Thiacloprid in tea samples(W. Xie et al., 2009). All samples were 
extracted with acetonitrile followed by cleaned up with active charcoal and Oasis 





), with recoveries between 80.1%-106.1% at the spiked levels of 0.02, 
0.04 and 0.2 mgkg
-1
(corresponding 20, 40 and 200 ngmL
-1





) with a linear range of 0.01–0.4 mgkg
-
1
(corresponding, 10 - 400 ngmL
-1
).Wu and coworkers have developed multiresidue 
method to determine 19 carbamate pesticides in tea samples(C.-C. Wu, Chu, Wang, 
& Lur,  2009). They have used acetonitrile as extraction solvent and amino cartridge 
as adsorbents while acetone-n-hexane mixture was used as the eluting solution. 
These pesticides were analyzed by HPLC with fluorescence detector. The results 
showed good linearity by correlation coefficients of more than 0.9999 for all 










), respectively. The recoveries of the 16carbamate pesticides ranged from 
65% to 135% at the spiked levels of 0.5, 1.0 and 2.0 mgL
-1
(corresponding, 500, 1000 
and 2000ngmL
-1
). Beizhen et al. have determined8 pesticide residues (fipronil, 
imidacloprid, acetamiprid, buprofezin, triadimefon, triadimenol, profenofos, 
pyridaben) in tea by LC-MS/MS, the targeted pesticides were extracted by 
accelerated solvent extraction with acetone-dichloromethane (1:1, v/v)and the 
resulted extract was then cleaned-up with a Carb/NH2 solid phase extraction (SPE) 
column(Beizhen, Haijiang, & Weihua, 2012). 
Cleanert-TPT (Triple Phase of Tea SPE) is used for extraction and analysis of 






different mechanisms and entail interactions with colorants, organic acids, bases and 
polyphenols as well as nonpolar interfering substances. It can remove most of 
interferes without adsorbing pesticide residues. Pang et al. introduced efficient and 
sensitive method for determination of 653 pesticides in teas by GC/MS and HPLC-
MS/MS(Pang et al., 2011). The extraction was done with acetonitrile followed by 
cleanup using Cleanert-TPT SPE and identification and quantitation of 490 
pesticides by GCMS and 448 pesticides by LC-MS/MS. The results show that the 
LODs for pesticides determined by GC/MS were between 1.0 and 500 µg kg
-
1
(corresponding 1.0 and 500 ng mL
-1
), and those determined by LC-MS/MS were 
between 0.03 and 4820 µg kg
-1
(corresponding 0.03 and 4820 ngmL
-1
).Moreover, the 
novel multilayer solid-phase extraction cartridge Cleanet TPT were used as purifier 
of tea samples after extraction of 18 pesticide residues (selected from 
organonitrogen, organophosphorus, and carbamate pesticides) with 
acetonitrile(Hong-Xia Zhao et al., 2013). The recoveries of all the pesticides varied 
from 70 to 110 % with a relative standard deviation of less than 15 %, and 
correlation coefficient, R
2
, for each pesticide was greater than 0.99.(Pang et al., 
2013).Pang et al. have compared the cleanup efficiency of SPE cartridge Cleanert 
TPT over three stages, for multi groups of pesticide residues in tea. In Stage I, 
different SPE cartridges including C18, graphite carbon black (GCB), primary 
secondary amine (PSA), and amino (NH2) were combined into 12 different 
sequences were tested. Through the comparative test on cleanup efficiency of 84 
representative pesticides in tea, Envi-Carb GCB + PSA with a good cleanup effect 
was selected. In Stage II, GC-MS and GC-MS/MS determination test results from the 
comparative study of the extraction efficiency of 201 pesticides spiked into green tea 






investigated. The results showed average recoveries and RSD within the acceptable 
ranges. Stage III, 61104 results of the average content value of pesticides and RSD 
(two teas xtwoYouden pair concentrations x two kinds of SPE cartridges x two 
instruments x 19 tests x 201 pesticides) were derived from the 19 times stability tests 
over 3 months by paralleling three samples every 5 days via two instruments with 
two kinds of SPE cartridges for cleanup, respectively, against Youden Pair samples 
of the 201 incurred pesticides from green and Woolong teas. The test results using 
the two above kinds of SPE cleanup for 93% pesticides had a tolerance less than 
15%, which testifies that both cartridge cleanups met the requirement for pesticide 
residue analysis. Cleanert TPT was used in the cleanup step as an optimized method 
which applied to the analysis of real tea samples obtained from the local market in 
China(C.-L. Zhao et al., 2014). 
Solid-phase micro extraction (SPME) fibers is one of the technique which 
was developed a single-walled carbon nanotubes (SWCNTs) as stationary phase that 
have several advantages such as simple, low cost and environmentally friendly 
method. Wu et al  have used a single-walled carbon nanotubes (SWCNTs) as 
stationary phase of solid-phase which was successfully applied for the analysis of 
real samples including green tea, oolong tea, white tea, and flower tea by GC-MS 
determination. (F. Wu, Lu, Chen, Liu, & Zhang, 2010).They found that the 
recoveries of the pesticides spiked in these samples ranged from 75.1 to 118.4% ; 
moreover, the linearity of the developed method was in the range of 0.125-25 ngmL
-
1
with correlation coefficients greater than 0.99 and the limits of detections (LODs) 
were 0.027-0.23 ngmL
-1






Dispersive solid phase extraction (d-SPE) analysis is a simple and 
straightforward sample preparation technique suitable for a wide variety of food and 
agricultural products. The d-SPE products include conveniently-packaged centrifuge 
tubes and foil pouches containing pre-weighed sorbents and buffers d-SPE offers a 
decreased time spent on sample preparation, an efficient and cost effective sample 
preparation and finally a reliable, high-quality product in a convenient format. For 
instance Zang et al. have described a cost-effective method for the determination of 
Imidacloprid and Acetamiprid in twenty-seven tea samples purchased from local 
grocery stores with UPLC–MS/MS(X. Zhang et al., 2010). The results showed that 




)with a wide linearity 
range and acceptable recoveries greater than70%. On the other hand, multi walled 
carbon nanotubes was applied for the cleanup as a modified QuEChERS for the 
simultaneous determination of 70 pesticides in tea using gas chromatography-tandem 
mass spectrometry(X. Liu, Guan, XianghongHao, Wu, & Pan, 2014). 
Graphene is a novel class of carbon nanostructures with ultrahigh specific 
surface are used in several fields as sorbent materials. Liu et al., have used graphene 
mixed with primary and secondary amine (PSA) and graphitized carbon black (GCB) 
as dispersive solid-phase extraction materials for the cleanup of tea. This method was 
combined with LC-MS/MS and used to determine25 pesticide residues in tea(X. Liu 
et al., 2014).Recoveries ranged from 71.1 to 108.3 % and consistent relative standard 
deviations less than13.6 % were reported. 
Matrix effect measurements can be used to visualize the effect of the sample 
matrix on the data signals obtained in the chromatograms. Kittlus et al. have 






from various food samples since matrix effect data signals occurring in a 
chromatogram (Kittlaus et al., 2011). They proposed a dilution step which has led to 
a significant decrease in the matrix effects. In order to minimize the matrix effects in 
tea that result from chlorophylls, polyphenols and high amount of caffeine, Chen and 
coworkers have utilized an SPE cartridge layered with graphite carbon/ 
aminopropylsilanized silica gel as complementary to a Quick, Easy, Cheap, 
Effective, Rugged and Safe (QuEChERS) method followed by UPLC–MS/MS(Chen 
et al., 2011). The LOQs varied for the different pesticides, but all could be measured 




) except for Dichlorvos which 
was reported at LOQ of 0.02 mg/kg(corresponding20 ngmL
-1
). Moreover, recoveries 
ranged from 70 to 120% with a low RSD that met the European United Quality 
Control guideline.(Hongping, Xin, Qinghua, & Ying, 2011) Hongping et al. 
haveextracted88 pesticides in tea (green tea, woolong tea, black tea and puer tea) 
with acetonitrile by accelerated solvent extraction (ASE), followed by cleaned up 
using solid phase extraction (SPE) with a Carbon/NH2 cartridge and eluted with 
acetonitrile-toluene mixture (3:1, v/v). The identification and quantification of the 
residues were obtained by GC-MS/MS. Moreover, Haslina et al. have indicated that 
using accelerated solvent extraction (ASE) with in-cell cleanup and GC-MS/MS 
method to determine pesticide residues in tea is easy, reliable and suitable for use in 
routine analysis (Haslina, Faridah, Osman, Intan, & Nordin, 2015). In this method 
they integrated extraction and cleanup processes into a single step, by adding a clean-
up sorbent along with the sample into the extraction cell. This method has shown 
high recovery (with values ranging from 90 to 98%), less than 15% relative standard 
deviations and high sensitivity (providing detection limits between 0.001 and 0.007 
μgg
-1
) (corresponding 1.0 and 7.0 ng mL
-1






pesticide residues was in the range of 0.008 to 0.161 μg g
-1
(corresponding 161 ng 
mL
-1
) with uncertainty ranged from 24% to 34%.Oellig and scheack have used  high-
throughput planar solid phase extraction (HTpSPE) as an effective clean-up for 
preventing matrix effects in multi-residue analysis of pesticides in green and black 
tea which resulted in colorless extracts nearly free of matrix effects (Oellig & 
Schwack, 2012). LC-MS measurements of tea samples spiked at 1 mg/kg 
(corresponding 1000 ng mL
-1
) provided recoveries of 81-104% with RSDs of 1.2-
4.9% for six different replicates. One of the advantages of HTpSPE is the short 
cleanup time per sample in addition to the possibility of parallel cleanup of several 
samples at minimal costs with very low sample size and low solvent consumption. 
ENVI™-Carb/NH2 and Inert Sep™ SI cartridge were used to clean up the tea sample 
extract(Masato, Hitoshi, Yoshitake, Masao, & Ichir, 2012). Another technique was 
developed in order to counteract the matrix–induced effect, Li et al. have used 
trigylcerol and d–ribonic acid gamma lactone as protectants a concentration level of 
2 mg/mL within each of the injected samples for simultaneously determining 186 
pesticides in tea matrices by GC–MS (Li, Chen, Fan, & Pang, 2012).The results 
indicated more than 96% of the 186 pesticides achieved recoveries within the range 
from 70 to 120% when using a selected mixture of analyte protectants. 
 There are many different studies that have been conducted in order to 
minimize the matrix effect. Yaqianet al. have optimized and compared different 
extraction conditions, such as soaking time, extraction time of pesticides from the 
real tea samples and spiked samples (Yaqian, Hua, Dazhou, Ting, & Lei, 2013). The 
dosage of sorbents PSA (125, 250, 400, 600, 800, 1000, 1200 mg) and GCB (0, 25, 






Satisfactory recoveries as a result of using 800 mg PSA, 25 mg GCB, 750 mg 
MgSO4 were obtained in the purification process. Later, this developed method was 
used for simultaneous determination of 11 pesticide residues by LC-MS/MS. 
Samples were purified by a modified QuEChERS method, followed by analysis by 
LC–ESI (+)-MS/MS .The linear correlation coefficients were 0.9981–0.9999, with 
recoveries range between 88–103%. The relative standard deviation was between 





) for 11 pesticides. Rajski et al. have carried out three methods in order 
to compare and choose the best method to extract pesticide residues from green tea 
(Rajski et al., 2013). Methods were modified QuEChERS (in order to limit the 
amount of co-extractives, MgSO4 was replaced with calcium chloride in the clean-up 
step); ethyl acetate extraction (not Swedish ethyl acetate method) and (Dutch mini-
Luke method) on blank green tea samples fortified with 86 pesticides (insecticides, 
fungicides and herbicides) at the 100 μg kg
-1
 level(corresponding 100 ng mL
-1
).The 
extracts were analyzed by GC-MS/MS and LC-MS/MS. In terms of recoveries, 
QuEChERS showed the highest performance and extracts contained the least amount 
of co-extracted matrix components. All three methods provided very good precision. 
Tran and coworker have used modified QuEChERS through the addition of Lead 
acetate together with primary and secondary amine and graphite carbon black to 
eliminate tannin, caffeine, and other pigments in tea and thus reduced the matrix 
effects(Tran, H.Th, & Thai-Nguyen, 2015).Other studies have used 
polyvinylpolypyrrolidone (PVPP),PSA and GCB as further cleanup sorbents packed 
at the bottom of the matrix solid phase dispersion MSPD to remove co-eluting matrix 
components since (PVPP), an inexpensive and excellent absorbent, that can 






Some pesticides have some characteristics which may cause challenge to 
determine its residues. Dinotefuran and its metabolites [MNG (1-methyl-2-
nitroguanidine), UF(1-methyl-3-(tetrahydro- 3-furylmethyl)urea), and DN(1-methyl-
3-(tetrahydro- 3-furylmethyl)guanidine)] have polar properties therefore they will 
have problem to determine its residues in green tea taking in account that tea 
contains many compounds that can interfere with residue analysis. Rahman et al. 
have refined the extraction method that assures good recoveries for Dinotefuran and 
its metabolites and removed most of the matrix components in green tea using LC-
MS/MS by using acetonitrile as an appropriate QuEChERS solvent (Rahman et al., 
2015). 
1.5.4 Method Validation 
Method validation is the process used to confirm that the analytical procedure 
employed for a specific test is suitable for its intended use. Therefore the results from 
method validation can be used to judge the quality, reliability and consistency of 
analytical results; it is an integral part of any good analytical practice. There was 
several reported research about analytical method validation. Payá et al. have 
validated a multi-residue method Quick Easy Cheap Effective Rugged and Safe 
(QuEChERS) for the extraction of 80 pesticides which was based on different 
chemical classes from various types of representative commodities by using GC-
MS/MS and LC-MS/MS detection (Payá et al., 2007). The extraction technique 
utilized  water/acetonitrile system which represent, an extraction/partitioning step 
after the addition of salt, and a cleanup step utilizing dispersive solid-phase 
extraction (D-SPE).The recovery experiments were performed at the spiking levels 






GC-MS/MS analyses, and 0.01 and 0.1 mg kg-1(corresponding 10 and 100 ng mL-1) 
for LC-MS/MS analyses. The mean recoveries mostly ranged between 70 and 110% 
and relative standard deviations (RSD) were generally below 10%.In addition, Ma & 
Wang have established and validated sensitive method for determination 118 
pesticide residues in teas(Yang et al., 2009). Extraction method utilized ethyl acetate-
hexane mixture, followed by clean-up using gel permeation chromatography (GPC) 
and solid phase extraction (SPE).The detection and determination of the pesticides 
levels were carried on GC-MS. The results show a linear range of each pesticide, the 
correlation coefficient R
2
wasgreater than or equal to0.99. For recoveries the range 
was from 61 % to 121 % and relative standard deviations (RSD) were in the range of 
0.6–9.2 % for all pesticide. The limits of detection for the method were 0.00030-0.36 
mg/kg(corresponding 0.3 -360 ng mL-1). Moreover Zhiqiang et al have developed 
and validated a simple and sensitive method for the simultaneous determination of 
103 pesticide residues in tea by LC–MS/MS (Zhiqiang Huang et al., 2009). The 
coupling of the chromatographic techniques with triple quadrapole mass 
spectrometer (QqQ MS) provided an efficient and reliable method for the multiclass 
of pesticide residue analyses in tea matrices. Kanrar and coworkers have reported a 
validated multi residue method to determine 42 pesticides in made tea, tea infusion 
and spent leaves has been by LC-MS/MS. (Kanrar et al., 2010a). The method was 
validated by the analysis of samples spiked at 50 and 100 ng g-1(corresponding 50 
and 100 ng mL-1) in made tea, tea infusion and spent leaves. The results of recoveries 
of all the pesticides were between 70% and 120% with a relative standard deviation 
of less than 15% and correlation coefficient for each pesticide was greater or equal to 
0.99. In another report from the same group, they have validated multi residue 






GC-MS (Kanrar, Mandal, & Bhattacharyya, 2010b). The method was validated by 
the analysis of samples spiked at 50 and 100 ngg-1(corresponding 50 and 100 ng mL-
1)in made tea, tea infusion and spent leaves, as a result the recoveries of all the 
pesticides were between 70% and 120% with a relative standard deviation of less 
than 20% at 50 ng g-1and correlation coefficient for each pesticide was greater or 
equal to 0.99. 
Cajka et al have developed method for determination of pesticide residues in 
green and black dry tea leaves by using liquid–liquid extraction using hexane in the 
presence of 20% (w/w) aqueous NaCl solution followed by GC–MS/MS with a triple 
quadrupole analyzer (Cajka et al., 2012)the recovery results for most of the analytes 
in the acceptable range of 70–120% and repeatability's (relative standard deviations, 
RSDs) were less than or equal 20% for both matrices at spiking levels of 0.01, 0.1 
and 1 mgkg
-1
 (corresponding 10, 100 and 1000 ng mL
-1
). 
Lozano et al.have validated a modified QuEChERS method in four tea matrices – 
green tea, red tea, black tea and chamomile by LC–MS/MS and GC–MS/MS 
(Lozano et al., 2012). The scopes of validation were: recovery, linearity, matrix 
effects, limits of detection and quantitation as well as intra-day and inter-day 
precision. They found in all matrices, that the recoveries of the majority of 
compounds were in the 70–120% range and were characterized by precision lower 
than 20%. Moreover, in85% of pesticide/matrix combinations, it was found that the 
analytes can be detected quantitatively according to the proposed method at the 
European Union of Maximum Residue Levels. In 2013, Shoeibi et al. have validated 
a method for the determination of 20 pesticides in tea based on QuEChERS sample 






methane (TPM) solution as an internal standard (Shoeibi, Amirahmadi, Rastegar, 
Khosrokhavar, & Khaneghah, 2013). They reported that validated method was 
suitable for the analysis of pesticides in tea since the recovery of pesticides ranged 
from 79.5% to 111.4% (n= 3) with RSD less than 20% and the limits of 





).In another study, more than 140 pesticides in nutraceutical products 
obtained from green tea (Camellia sinensis) has been validated in GC coupled to 
triple quadrupole MS/MS using the selective-reaction monitoring (MRM) mode. The 
results showed that recoveries ranged from 70 to 120% and relative SD was lower 
than 25% at 10, 50, and 100 μgkg
-1
 (corresponding 10,50 and 100 ngmL
-1
), LOQs 
were lower than 10 μgkg
-1
 (corresponding 10 ngmL
-1
) (Martínez-Domínguez, Plaza-
Bolaños, Romero-González, & Frenich, 2014). Moreover, in a recent study by 
Martínez-Domínguez and coworkers, a determination of 100 pesticides in same 
matrix using ultra high performance liquid chromatography coupled to triple 
quadrupole tandem mass spectrometry (UHPLC-QqQ-MS/MS) (Martínez-
Domínguez, Nieto-García, Romero-González, & Frenich, 2015). (QuEChERS) 
methodology was evaluated and validated for the determination of 33 carbamates 
(including some metabolites) in different teas, chamomile, and other herbal products 
intended for infusions, by UHPLC-MS/MS. The method allowed recoveries between 
74 and 101 %, with relative standard deviations lower than 7 % at three 
concentration levels of 5, 20, and 50 μg kg
-1
 (corresponding 5, 20 and 50 ng mL
-1
). 
Limits of quantification ranged from 1.9 to 4.0 μg kg
-1
 (corresponding 1.9 to 4.0 ng 
mL
-1
), therefore below maximum residue limits established for this type of 






1.5.5 Maximum Residue Levels of Pesticides in Tea 
The use of pesticides on crop in exported country had largely been guided by 
the MRL or the tolerance limits prescribed by their national authority, the European 
Union (EU) or Codex Alimentarius Commission of FAO/WHO. However, the 
national laws of tea exporting countries vary on the MRL of different pesticides on 
tea. In the other words, there is no harmonization of the MRL for pesticides in 
different area of tea cultivated. It may be due to differences in the climate and so 
different pests exist in each area. 
Tea being an export oriented commodity, all the required measures must be 
taken to keep the residues well below the Maximum Residue Limit (MRL) to 
overcome the non-tariff trade barriers under WTO regimes. Other parameters on the 
level of residues like No-observed-Adverse Effect Level (NOAEL), Acceptable 
Daily Intake (ADI), Food Factor and Maximum Permissible Intake (MPI) should be 
taken into consideration according to FAO guidelines. With these parameters, the 
MRL and PHI (Pre-Harvest Interval) can be strictly followed for accepting the world 
market (Ahmed, Mamun, Biswas, & Paul, 2009). 
The FAO and the World Health Organization offer a set of guidelines that are 
known as CODEX to help establish some uniformity, but those standards are 
voluntary and many countries have added their own restrictions. Japan and the EU 
have some of the longest lists of regulated pesticides and MRL limitations, while the 
US and Canada list relatively few. As one of the food safety standards, MRLs set 
maximum levels of pesticide residue that can be traced in food and food products to 
ensure food safety. CODEX Alimentarius (2011) defines CODEX maximum limit 






(expressed as mg/kg), recommended by the CODEX Alimentarius Commission to be 
legally permitted in or on food commodities and animal feeds. MRLs are based on 
good agriculture practice (GAP) data, and foods derived from commodities that 
comply with the respective MRLs are intended to be toxicologically acceptable”. 
MRLs for tea were established under regulation No. 396 in 2005, and commodity 
and pesticide (Chang & Atici, 2015) 
MRLs globally different because of various reasons; different use patterns 
driven by differing pest/disease and weed spectrum pressure, lack of harmonization 
in crop grouping, differences in the residue definition(s),differences in toxicological 
end points, Acceptable Daily Intake(ADI), MRL calculations, consumer exposure 












Chapter 2: Methods 
 
 The QuEChERS methods have simplified and streamlined sample preparation 
for pesticide analysis. Although effective for fruits, vegetables and many other types 
of samples, however, there are challenges when these techniques are applied to 
certain dried commodities such as teas. The highly resinous leafy materials of the tea 
require proper amount of water to be added and equilibrated prior to QuEChERS 
extraction and a significant clean up prior to LC-MS/MS and GC-MS/MS analysis. 
This study presents and discusses the QuEChERS extraction and cleanup strategies 
for multi-residue pesticides analysis of dried Green and Black tea. 
It is worthy to mention that all analytical methods and instruments used in this 
research work were fully validated as a part of the laboratory quality assurance 
system and were audited and accredited by the United Kingdom Accreditation 
Service (UKAS) according to requirements of ISO 17025. 
2.1 Selection of the Tea Brands in the UAE (Real Samples) 
Samples were selected for this study according to the survey of the highest 
importing tea countries to the UAE carried out by National Bureau of Statistics, 
(Dubai, and U.A.E.). It was found that the following four countries (Sri Lanka, 
India, China, and Kenya) were the highest importing tea countries during the time 
periode from 2012 until 2015 as shown in Figure 1. 
Table 1, lists the highest imported tea brand to the UAE between2012-2015 and 









*Sources" Dubai Municipality- Food Control Department" 
 
Figure 1: Importing tea countries to UAE from 2012 until 2015 
 
 
*Brands not for sale in the UAE, but imports for re-packaging and re-export 
Table 1: List of the highest importing tea brands to the UAE from 2012 until 2015, 










Hemani Guldan* Knight* Adam* Miad* 
Sri 
Lanka 





-- -- Chinese Flecha* CTC* 
Chunmee
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Highest Importing Countries of Tea in 











The UAE is the largest re-exporter of tea globally with over 60% of the 
world's market share according to 5th Global Dubai Tea Forum 2014, a report 
published on 2014 (Boltion, 2014). 
Since it was difficult to access the main store of tea packing in Jebel Ali in 
UAE, Tea samples were collected from shops located at different places in the UAE,   
through years 2014 and 2015. The collected tea samples were sealed and labeled 
with a unique sample identity. All samples were transported to Pesticide Residues 
Laboratory of Sharjah Central Laboratory Department (Ministry of Climate Change 
and Environment) and were refrigerated (at 5
o
C). Different packs from each brand 
were collected and mixed together  in order to get representative samples of each one 
of them to be ready for the analysis stage taking into account that five replicates of 
each was taken.  
2.2 Blank Samples 
The blank tea samples were selected to be (organically grown, pesticide free 
and no fertilizer added ) (Tran et al., 2015) for both Green and Black teas, (i.e. 
uncontaminated) and were purchased from (Organic food & café shop in Dubai). 
They were placed into a clean plastic bag and refrigerated at 5
o
C. The bag was 
massaged occasionally to make sure the tea dry pieces remained separated. Only the 
required amount of frozen tea was removed and thoroughly blended at the time of 
blank sample preparation. These blank tea samples were used for matrix-matched 






2.3 Pesticides Monitored 
A solution of Triphenyl phosphate (TPP), analytical grade, was used as an 
internal standard. Active ingredient for all the selected pesticides in this study were 
purchased from Dr. Ehrenstorfer GmBH (Augsburg, Germany) with purity >90. The 
stock standard solutions were prepared in Methanol or Acetonitrile and stored at −18 
°C. The calibration standards and working standards were prepared by dilution with 
acetonitrile or ethyl acetate on the day of analysis. 
These selected pesticides have recommended values of the maximum residue limits 
reported in both the Codex Alimentarius Commission "Codex" and the European 
Union 
 
2.3.1 Pesticides Analyzed With GC-MS/MS 
The selected pesticides with their chemical structures are listed in Table 2. 
They include three different groups such as (6) fungicides, (3) acaricides, and (1) 
herbicides. They were analyzed by GC-MS/MS method. 
 
2.3.2 Pesticides Analyzed With LC-MS/MS 
The selected pesticides with their chemical structures are listed in Table 3. 
They include five different groups such as (18) insecticides, (7) fungicides, (5) 
acaricides, (7) herbicides and (1) IGR (An insect growth regulator that inhibits the 
life cycle of an insect. IGRs are typically used as insecticides to control populations 













Pesticide Group Class Chemical  Structure 
Azinphos-ethyl Acaricide Organothiophosphate 
 
Azinphos-methyl Acaricide Organothiophosphate 
 
 















Pesticide Group Class Chemical  Structure 

























Pesticide Group Class Chemical  Structure 































Pesticide Group Class Chemical  Structure 
Acephate Insecticides Phosphoramidothioate 
 
Acetamiprid Insecticides Pyridylmethylamine Neonicotinoid 
 
 











Pesticide Group Class Chemical  Structure 







Benalaxyl Fungicide Anilide 
 











Pesticide Group Class Chemical  Structure 




Carbendazim Fungicide Benzimidazole 
 
 










Pesticide Group Class Chemical  Structure 
Chloroxuron Herbicide Phenylurea 
 




Clothianidin Insecticide Thiazole 
 
 














Pesticide Group Class Chemical  Structure 
Dicrotophos Insecticide Organophosphate 
 
Dimethoate Insecticides Organothiophosphate 
 










Pesticide Group Class Chemical  Structure 













Fenoxycarb Insecticides Juvenile Hormone Mimics 
 













Pesticide Group Class Chemical  Structure 
Flufenacet Herbicide Anilide herbicides 
 
Flutolanil Fungicide Benzanilide 
 















Pesticide Group Class Chemical  Structure 




Imidacloprid Insecticides Nitroguanidine Neonicotinoid 
 
 











Pesticide Group Class Chemical  Structure 
























Pesticide Group Class Chemical  Structure 
Propoxur Insecticides Phenyl methyl carbamate 
 
Propyzamide Herbicide Amide 
 












Pesticide Group Class Chemical  Structure 
Simazine Herbicide Chlorotriazine 
 


















Pesticide Group Class Chemical  Structure 
Thiacloprid Insecticides Pyridyl methyl amine Neonicotinoid 
 


















2.3.3 Preparation of Stock Standard Solutions 
Stock standard solutions were prepared as following: accurately weighed 5–
10 mg of individual pesticide standards (accurate to 0.1 mg) were put into a 10 mL 
volumetric flask, dissolved and diluted to 10 mL with Methanol or Acetonitrile, 
depending upon each individual compound‟s solubility. An adequate amount of 
individual stock standard solution was pipetted into a 50 mL volumetric flask; 
completed with solvent until 50 mL, thoroughly mixed and stored in the dark at 
temperature below -18ºC. Mixtures of the working standard solutions were prepared 
and allowed to be used within one month; by thoroughly mixing an adequate amount 
of stock mixed standard solution to make a final volume of 1.0 mL with solvent, the 
final concentration of each pesticide in this final volume was 1.0 g.mL
-1
or 1 ppm). 
The calibration curve (10, 20, 50, 100 and 200 ng mL
−1
) were prepared freshly from 
the working stock solution by serial dilutions. 
2.4 Apparatus 
2.4.1 GC-MS/MS 
All testing was done on Agilent 7890A GC equipped with a 7693B 
Autosampler and 7000 Series Triple quadrupole (QQQ) mass spectrometer detector, 
MSD system (Agilent, USA). An Agilent Ultra Inert GC column, HP-5MSUI, was 
used to provide a highly inert flow path into the detector. Table 4 list the 
instrumental conditions used to develop an acquisition method for this study. The 









Development of an acquisition method for the 7890A Series 
This involves the following steps or tasks: 
Task 1. Set the inlet and injection parameters. 
Task 2. Enter GC acquisition parameters 
Task 3. Create acquisition method for finding precursor ions  
Task 4. Acquire precursor ion scan data (Optional) 
Task 5. Determine precursor ion masses 
Task 6. Create acquisition methods for finding product ion masses 
Task 7. Acquire scan data for finding product ions (Optional) 
Task 8. Determine the product ions 
Task 9. Create an MRM method 
Task 10. Acquire MRM data (Optional) 
Task 11. Create a quantitative analysis batch 
Task 12. Create an MRM quantitative analysis method 




















Configuration  MMI+30m+PUU+restrictor+MS 
Column Agilent J&W HP-5ms UI 30 m x 0.25mm x 0.25µm 
PUU Purged Ultimate Union (for back flush) 
Restrictor Siltek deactivated capillary tube, 2mx0.25mm  
GC Agilent 7890A Series 
Inlet Multi-Mode inlet (MMI) 
Inlet liner 4-mm Ultra Inert (UI) liner with glasswool 
Carrier gas Helium 
Inlet pressure 
 27.5 psi (constant pressure mode )during run, and 2.0 psi during back 
flushing 
Inlet temperature  Initial : 280 ºC (0 min) 
Injection mode Pulsed splitless 
Injection volume  3 µL 
Purge flow to split vent 30 mL/min@ 0.75min 
Gas saver On (20 mL/ min at 2.0 min) 
Oven temperature 
program 
 Rate (ºC/min) Value (ºC) Hold Time (min) 
Initial -- 70 2 
Ramp 1 25 150 0 
Ramp 2 3 200 0 
Ramp 3 8 280 10 
Capillary flow technology 
Aux EPC gas Helium 
Aux EPC pressure 3.0 psi during run, and 50.0 psi during back flushing 
Analytical Column Agilent J&W HP-5ms UI 30 m x 0.25mm x 0.25µm 
Restrictor Siltek deactivated capillary tubing, 0.7mx0.15mm  
RT locked Chlorpyrifos methyl @16.593 min 
Tandem Mass Spectrometer 
Mode Agilent 7000B electron impact 
Transfer line temperature  280 ºC 
Source temperature 300 ºC 
Quadrupole temperature Q1 and Q2 = 180 ºC 
MRM mode conditions 
MS1 resolution Wide 
MS2 resolution Wide  
Collision gas flow Nitrogen gas @ 1.5 mL./min 
Quenching gas flow He gas @ 2.25 mL./min  
Detector gain 10 
Pack flushing conditions 
Timing  5 min duration during post run 
Oven temperature 280 ºC 
Aux EPC pressure 50 psi  
Inlet pressure 2 psi 
 
Table 4: GC-MS/MS method parameters and conditions used for the analysis of 








 Liquid chromatography tandem mass spectrometry measurements were 
performed on Agilent liquid chromatograph HP 1290 system, using  a reversed-phase 
column,  that is coupled to an Agilent 6460 triple quadrupole, with positive 
electrospray ionization (ESI) mode for the determination of the  pesticide residues. 
Table 5 summarizes the instrumental conditions used to develop an acquisition LC-
(+) ESI-MS/MS method for this study. The Agilent Mass Hunter Workstation 
software B.04.00 was used for data analysis. All pesticides were detected in the 





1 Develop an acquisition method for the 6460 Series 
Task 1. Enter acquisition parameters and acquire data. 
Task 2. Determine precursor ion masses. 
Task 3. Find optimum fragmentor voltage for maximum response. 
Task 4. Determine product ion masses. 
Task 5. Find optimum collision energy for MRM acquisition. 
2 Optimize Acquisition parameters using Optimizer software. 
Task 1. Use the Optimizer Software to optimize acquisition parameters. 
3 Develop a Dynamic MRM acquisition method from an MRM 
acquisition data file or an MRM method. 
Task 1. Create a batch file from an existing MRM data file. 
Task 2. Print a report in the Quantitative Analysis program. 
Task 3. Create a Dynamic MRM method using Update dMRM feature. 








Table 5: LC-MS/MS method parameters and conditions used for the analysis of 



















Column ZORBAX Eclipse Plus C18 (Agilent) (10cm, 2.1 mm, 1.8m). 
Column Temperature 60ºC 
Mobile Phase 
 A: 1.00 L Deionized Water + 5mM Ammonium Format + 100 
µL. Formic Acid (99.9%) (pH~3.8) 
 B: 1.00 L. Methanol + 5mM Ammonium Format + 100 µL. 
Formic Acid (99.9%) (pH~5.7)  
Mobile phase flow rate   0.5 mL/min 
Gradient 
Time  %B  Flow rate  Max. Press. 
0  6  0.5  1200 
18  92  0.5  1200 
21  92  0.5  1200 
21.5  6  0.5  1200 
25  6  0.5  1200 
Post run 2 min 
Total cycle time 30 min 
MS condition positive mode 
Spray Gas temperature 325 ºC Sheath gas temperature 375 ºC 
Spray Gas flow 8 L./min Sheath gas flow 10 L./min 
Nebulizer pressure 35 psi Nozzle Voltage 300 V 

















160 132.1 0 
30.3 
160 77.1 20 
2 Azinphos-methyl 
160 132.1 0 
30.3 
160 77.1 20 
3 Boscalid 
140 112 10 
32.4 
140 76 25 
4 Difenconazole 
322.8 264.8 15 
34.7 
322.8 201.9 40 
5 Propaquizafop 
162.9 135.8 10 
39.6 
162.9 99.9 25 
6 Propoxur 
110 64 15 
10.1 
110 63 25 
 
Table 6: An example of quantifier and qualifier MRM transition for tested pesticides 





Table 7: An example of quantifier and qualifier MRM transition for tested pesticides 














184.0192 142.9926 135 5 1.6 
184.0192 94.9715 135 20 1.6 
2 Acetamiprid 
223.0745 126.0105 135 15 5.1 
223.0745 56.0495 135 15 5.1 
3 Aldicarb 
116.0529 89.0346 135 5 6.5 
116.0529 70.0651 135 5 6.5 
4 Azoxystrobin 
404.1241 372.0979 135 10 11.6 
404.1241 344.103 135 15 11.6 
5 Benalaxyl 
326.1751 294.1489 135 5 13.8 
326.1751 148.1121 135 10 13.8 
6 Buprofezin 
306.1635 201.1056 135 10 15.6 






For each pesticide precursor ion there were two product ions determined. One product 
ion was used for quantification and the other one was used for qualification and 
confirmation. The MRM transitions including the precursor and product ions, 
Fragmentor, Collision energy, and Retention Time for the detected pesticides are 
summarized in Table 6 and Table 7. 
 
2.5 Sample Preparation 
Based on the QuECheRS method reported by Anastassiades and coworkers, 
the following sample preparation steps were conducted: (Anastassiades et al., 2003) 
Dried tea leaves (2 g± 0.01 g) were weighed and placed into 50 ml PTFE plastic 
centrifuge tubes containing 10.0 mL of deionized water and left to hydrate for 30 
minutes. The mixture was mixed gently for 5.0 minutes using a shaker in the 
presence of two ceramic ball homogenizers. After the samples were thoroughly wet, 
10.0 mL of acetonitrile solvent was then added using dispenser along with tri-phenyl 
phosphate (TPP) internal standard (ISTD) into samples at 250 ng mL
-1
 and 100 ng 
mL
-1
for LC-MS/MS and GC-MS/MS, respectively. Tubes were capped and shaked 
by hand vigorously for 1 minute. After that two different sample preparation and 
treatment steps were conducted for the samples depending on the type of 
chromatographic analysis that they were subjected to in the next step. Therefore, two 









2.5.1 LC-MS/MS Procedure 
Tea samples that prepared in section 2.5 were added directly to Supel ™QUE 
Citrate Extraction Tube (Supelco, Sigma Aldrich, USA) containing 4 g anhydrous 
MgSO4, 1 g NaCl, 0.5 g sodium citrate dibasic sesquihydrate and 1 g sodium citrate 
tribasic dehydrate in order to extract analyte of interest (pesticides), absorb water and 
adjust the pH. Tubes were sealed tightly and shaken vigorously for 1 minute to 
ensure that the solvent interacted well with the entire sample and crystalline 
agglomerates were broken up sufficiently. Sample tubes were centrifuged for 5.0 
minutes at 4,000 rpm resulting separation between organic layer (contain target 
analytes) and sample solid material. One mL aliquot of (upper clear solution) 
acetonitrile layer was then loaded into Supel clean™ Envi-Carb II/PSA cartridges 
(Supelco, Sigma Aldrich, USA). These cartridges are prepared for sample loading by 
conditioning them with 5.0 mL of acetonitrile with a flow through at a rate of 1-2 mL 
minute
-1
. Sample eluted with the acetonitrile solvent is then collected, evaporated on 
rotary evaporator at 40ºC to dryness. The sample residues produced in the previous 
step are re-dissolved in 1.0 mL of injection solution which is a mixture of 
acetonitrile: deionized water (10:90 v/v), (water was purified with a Milli-Q water 
system) (Millipore Corporation, Billerica, MA, USA). After that, the samples residue 
solutions were filtered using Iso-Disc Syringe Filter Unit, PTFE membrane, (pore 










2.5.2 GC-MS/MS Procedure 
Tea samples that prepared in section 2.5 were added directly to Agilent Bond 
Elut Tube containing Magnesium sulphate (4.0 g) and sodium chloride (1.0 g). Then 
the samples underwent vigorous agitation for 1 minute. The mixture in the tube was 
centrifuged for 5 minutes at 4,000 rpm. A 1.0 mL amount of the (upper) acetonitrile 
layer was then transferred to 15 mL plastic centrifuge tubes that contain a mixture of 
1.0 mL of n–Hexane and 5.0 mL of 20% w/w aqueous sodium chloride solution was 
then added. The tube was agitated vigorously for 1.0 minute and centrifuged for 1 
minute at 4,000 rpm. An aliquot of the (upper) n – Hexane layer was then transferred 
to a 2.00 mL auto sampler vial for injection into the GC-MS/MS system (Cajka. et 
al., 2012). 
2.6 In-House Method Validation 
The selected parameters for in-house validation were mainly taken according 
to SANCO/12571/2013 document (Method Validation and Quality Control 
Procedures for Pesticide Residue Analysis in Food and Feed, 2010) QuEChERS 
method was used to validate 48 pesticides in tea (Black and Green). Moreover, this 
validation includes the LC-MS/MS and GC-MS/MS results. The validation was 
performed as 5 replicates of each of the two spiking levels10 and 100 ng mL
-1
, blank 
samples were also included. 
2.7 Calibration Curves and Linearity 
Stock standard solution containing 48 individual pesticides (10mg L
-1
 of each 
compound) were prepared in methanol or acetonitrile and stored at –20ºC. The 






working standard solutions were prepared by dilution of the corresponding stock 
solution with acetonitrile. The obtained solutions were stored in a freezer at -18 
±2ºC. 
Matrix-matched standards were prepared at 10, 20, 50, 100, and 200 ng.mL
-1
 levels 
by taking blank tea (Green or Black) samples through the QuEChERS protocol and 
adding the appropriate working standard during solvent reconstitution. Internal 
standard was spiked into samples at 250 ng mL
-1
 and 100ng mL
-1
for LC-MS/MS and 
GC-MS/MS, respectively, and it was taken through the entire QuEChERS workflow. 
2.8 Recovery Tests 
Recoveries were determined by adding known amounts of the tested 
pesticides to an organic tea sample and the analytical method was used for analyzing 
the spiked tea samples as previously described, five replicates were analyzed for each 
tested pesticide, and relative standard deviations (RSD% = CV%) were calculated. 
Tea matrix-matched calibration standards of pesticides were prepared similarly to 
fortified samples except for addition of a spike solution at concentrations of 10, 20, 
50, 100, and 200 ng mL
-1
, which correspond to 0.05, 0.1, 0.25, 0.5 and 1.0 mg kg−
1
 in 
the sample. Each matrix-matched standard also contained TPP (internal standard). 
2.9 Accuracy 
Accuracy is expressed in terms of two components: “Trueness, the closeness 
of agreement between the obtained value and accepted true value” and “Precision”. 
2.9.1 Trueness Inter-Laboratory Comparison Proficiency Tests 
The method trueness was confirmed by participation in Inter-Laboratory 






Food and Environment Research Agency. The Food and Environment Research 
Agency (Fera) is an Executive Agency of the UK Government Department for 
Environment, Food and Rural Affairs (Defra). Fera provides a wide range of 
Proficiency testing (PT) schemes under the brand name FAPAS PT. Moreover, 
FAPAS is a UKAS Accredited Proficiency Testing Provider, No. 0009. 
Accreditation is conferred in accordance with ISO/IEC 17073:2010. 
One proficiency test (Round 19203 Black tea) was analyzed with the QuECheRS 
method during the time of the study from FAPAS. 
Proficiency tests and comparison samples were reviewed on the basis of z-score* 
calculation. The tested value (i.e. the QuECheRS result) and the assigned value (i.e. 
the proficiency test institute average value for proficiency tests) were considered not 
significantly different as long as their difference was smaller than 2 times the 
standard deviation (i.e. –2 < z-score < 2). The calculation procedure of z-score was 
conducted two stages: 
1. The Calculation of the Absolute Error 
The absolute error is defined as: 
 
Where  = the tested value 
               = the assigned value 
2. Comparison of Absolute Error with Target Standard Deviation 
The ratio of the error to the target value for standard deviation     forms the criterion 
of performance derives the z-score: 
 
 










Where        = the tested value 
    = the assigned value 
      = target value for standard deviation 
*A z-score compares an estimate of the error of a result with a target value for standard deviation. 
**The standard deviations for proficiency assessment (given by FAPAS) may be derived either from 
the modified Horwitz equation, collaborative trial data, regulation, or a fitness for purpose RSD R 
provided by expert opinion (Thompson, 2000). 
 
2.9.2 Precision 
A measure of how close results are to one another. The most common 
precision measures are repeatability and reproducibility, where the relative standard 
deviation should be equal or less than 20% (≤20% RSD). 
Repeatability:  
Peak repeatability experiments were assessed by spiked tea samples containing 
all the tested pesticides at two concentration levels 10 and 100 ng.mL-1 using five 
replicate injections. Recovery percentage and the relative standard deviation values 
(RSDr %) were calculated for each pesticide analyzed on LC-MS/MS and GC-
MS/MS, respectively. 
Reproducibility:  
Intra-laboratory reproducibility was considered, spiking tea samples (Green and 
Black) were analyzed on several days at two concentration levels 10 and 100 ng.mL
-
1
using five replicate for each level recovery percentage and the relative standard 
deviation values (RSDR%) were calculated for each pesticide analyzed on LC-










Sensitivity of an analytical method is the capability of the method to discriminate 
small differences in concentration or mass of the test analyte. It is usually expressed 
in terms of limit of detection and limit of quantitation 
2.11 Ion Selection and Data Handling 
Usually, for LC mass spectrometric detection and quantitation, the eluted and 
separated pesticide peaks are monitored at certain retention time windows and at 
selected ion masses of precursor and products ions. The best ions are selected based 
on the fact that they do not suffer from co-extractive interference, and give sufficient 
response to allow calibration at the reporting limit. In general, the most abundant ion 
is not necessarily the best ion to use. Higher mass ions (especially those over 300) 
are clear and often give sufficient response and are preferred. Acceptability criteria 
for ion ratios in samples versus standards, as the following, (1)  matrix matched 
standard using a blank free of pesticides was used, (2) The retention time of each of 
the 2 ions used the same for each pesticide in the sample and also in the calibrant, (3) 
Peak abundance (peak area or height) for each ion measured. The quantifying ion is 
used as 100% and then the percentage relative abundance of the other two ions 
calculated. This procedure is repeated for a calibrant which was the closest response 
to the sample. The percentage relative abundance between the sample and calibrant 
was compared. They should agree to within 20% of each other if pesticide is present. 
2.12 Matrix Effect 
Matrix effects were assessed by the comparison of the slopes of fifteen data 
point matrix-matched calibration curves (10, 20, 50, 100 and 200 ng mL
-1
) with the 





Chapter 3: Results and Discussion 
 
This chapter presents the results of the analysis. The first section describes 
the development of database-based screening method in LC-MS/MS and GC-
MS/MS. The second section presents the method performance. Finally, the analyses 
of pesticide residues in collected real tea samples were presented and discussed. 
3.1 Development of Database-Based Screening Method 
A database was created and applied to data set for screening, quantifying and 
verifying pesticide residues in imported tea using triple quadrupole LC/MS and 
GC/MS. It was done by the following procedures: 
-Select a pesticide compound to be analyzed from instrument database library 
and optimized their MS/MS detection.  
-Develop the qualitative and quantitative methods. 
3.1.1 LC-MS/MS Database Development 
The acquisition method was constructed by determinating of the precursor 
ion for each of the tested compounds in the acquired data file, optimizing for 
fragmentor voltage, using two collision energies to determine the best fragment ions 
to be used for the eventual Multiple Reaction Monitoring (MRMs) acquisition, 
finding the optimum collision energy for MRM acquisition setting for the 
compounds by examining the spectra and comparing peak intensities and creating a 
dynamic MRM method. 
All MRM transitions were optimized using the Mass Hunter Optimizer 
software. The precursor and product ions as well as the fragmentor voltages and 






LC-MS/MS system. In the default configuration, optimizer automatically optimizes 
the two most abundant fragments per compound. Transitions were stored in a data 
base which contains two transitions per compound and condition for the tested 
compounds. Figures (2-7) show some examples of the LC chromatograms and 
related MRM mass spectra of two pesticides as they were analyzed in acetonitrile 
solvent, then in green and black tea matrices. These optimized conditions were then 
used for the creation MRM spectral library. 
 
The LC-MS/MS acquisition parameters contain compound names, molecular 
weight, precursor ion (m/z), product ion (m/z), MRM transitions, fragmentor 
voltages and collision energies (V) as shown in table 8. 
 
The total Ion Chromatogram (TIC) represents a sum of all the separate ion 
currents carried by the ions of different m/z contributing to a complete mass 
spectrum or in a specified m/z range of a mass spectrum. It monitors a very large 
window often of several hundred mass-to-charge units, therefore all pesticides can be 
separated in one run time form one sample injection. Figure 8 shows the LC-MS/MS 
chromatogram of 38 pesticides in positive ion mode using MRM. Table 9 
summerizes the pesticides in sequence numbers according to their retention time as 

























Figure 2: LC Chromatogram and related MRM mass spectrum for 100 ng mL
-1
































Figure 3: LC Chromatogram and related MRM mass spectrum for 100 ng mL
-1



































Figure 4: LC Chromatogram and related MRM mass spectrum for 100 ng mL
-1

































Figure 5: LC Chromatogram and related MRM mass spectrum for 100 ng mL
-1





































Figure 6: LC Chromatogram and related MRM mass spectrum for 100 ng mL
-1






















Figure 7: LC Chromatogram and related MRM mass spectrum for 100 ng mL
-1























184.0192 142.9926 135 5 1.6 
184.0192 94.9715 135 20 1.6 
2 Acetamiprid 
223.0745 126.0105 135 15 5.1 
223.0745 56.0495 135 15 5.1 
3 Aldicarb 
116.0529 89.0346 135 5 6.5 
116.0529 70.0651 135 5 6.5 
4 Azoxystrobin 
404.1241 372.0979 135 10 11.6 
404.1241 344.103 135 15 11.6 
5 Benalaxyl 
326.1751 294.1489 135 5 13.8 
326.1751 148.1121 135 10 13.8 
6 Buprofezin 
306.1635 201.1056 135 10 15.6 
306.1635 116.0528 135 15 15.6 
7 Carbaryl 
202.0863 145.0648 135 4 8.5 
202.0863 127.0542 135 28 8.5 
8 Carbendazim 
192.0768 160.0505 135 20 4.8 
192.0768 132.0556 135 25 4.8 
9 Carbofuran 
222.1125 165.091 135 10 8.2 
222.1125 123.0441 135 15 8.2 
10 Chloroxuron 
291.0895 218.0000 135 25 12.1 
291.0895 72.0444 135 25 12.1 
11 
Clomazone 
240.0786 125.0153 135 20 10.7 
240.0786 89.0386 135 30 10.7 
12 Clothianidin 
250.016 169.0000 135 5 4.1 
250.016 131.9669 135 15 4.1 
13 Diazinon 
305.1083 169.0794 135 20 14.2 
305.1083 153.1022 135 20 14.2 
14 Dicrotophos 
238.0839 127.0155 135 15 4.5 
238.0839 112.0757 135 5 4.5 
15 Dimethoate 
230.0069 198.9647 135 5 5.1 
230.0069 170.9698 135 10 5.1 
16 Ethion 
384.9949 199.0011 135 5 15.6 
384.9949 170.9698 135 15 15.6 
17 Ethoprophos 
243.0637 215.1000 135 4 12.7 
243.0637 130.9385 135 15 12.7 
18 Fenazaquin 
307.1805 161.0709 135 15 15.6 
307.1805 57.0699 135 20 15.6 
19 Fenoxycarb 
302.1387 116.0706 135 10 13.1 






















384.1417 328.0791 135 15 15.5 
384.1417 282.0736 135 20 15.5 
21 
Flufenacet 
364.0737 194.0976 135 5 12.8 
364.0737 152.087 135 10 12.8 
22 Flutolanil 
324.1206 282.000 135 10 12.0 
324.1206 262.0674 135 20 12.0 
23 Hexythiazox 
353.1085 228.0244 135 10 15.9 
353.1085 168.0575 135 20 15.9 
24 Imazalil 
297.0556 255.0086 135 15 10.9 
297.0556 200.9868 135 15 10.9 
25 Imidacloprid 
256.0596 209.0589 135 10 4.3 
256.0596 175.0269 135 10 4.3 
26 Iprovalicarb 
321.2173 203.139 135 5 12.6 
321.2173 119.0855 135 20 12.6 
27 Malathion 
331.0433 127.0390 135 5 11.9 
331.0433 98.9664 135 10 11.9 
28 Methomyl 
163.0536 106.0321 135 5 2.8 
163.0536 88.0215 135 5 2.8 
29 Monolinuron 
215.0582 148.0637 135 10 8.6 
215.0582 126.0000 135 15 8.6 
30 Propoxur 
210.1125 168.0655 135 5 8.1 
210.1125 111.0441 135 10 8.1 
31 Propyzamide 
256.029 189.9821 135 10 11.5 
256.029 172.9555 135 20 11.5 
32 Rotenone 
395.1489 213.0546 135 20 13.2 
395.1489 192.0786 135 25 13.2 
33 Simazine 
202.0854 132.0323 135 20 7.9 
202.0854 124.0869 135 20 7.9 
34 Spiroxamine 
298.2741 144.1383 135 20 11.4 
298.2741 100.1121 135 20 11.4 
35 Tebufenpyrad 
334.1681 145.0527 135 25 15.5 
334.1681 117.0214 135 32 15.5 
36 Thiacloprid 
253.0309 186.0139 135 10 5.8 
253.0309 126.0105 135 20 5.8 
37 Triazophos 
314.0723 162.0662 135 20 12.3 
314.0723 119.0604 135 30 12.3 
38 Trifloxystrobin 
409.137 206.0812 135 10 15.0 














































Table 9: Referred number and retention time of tested pesticides on LC as appear in 
TIC 
 
Referred  number 
on the TIC 
Pesticide Ret Time (min) 
1 Acephate 1.6 
2 Acetamiprid 5.1 
3 Aldicarb 6.5 
4 Azoxystrobin 11.6 
5 Benalaxyl 13.8 
6 Buprofezin 15.6 
7 Carbaryl 8.5 
8 Carbendazim 4.8 
9 Carbofuran 8.2 
10 Chloroxuron 12.1 
11 Clomazone 10.7 
12 Clothianidin 4.1 
13 Diazinon 14.2 
14 Dicrotophos 4.5 
15 Dimethoate 5.1 
16 Ethion 15.6 
17 Ethoprophos 12.7 
18 Fenazaquin 15.6 
19 Fenoxycarb 13.1 
20 Fluazifop-P-butyl 15.5 
21 Flufenacet 12.8 
22 Flutolanil 12.0 
23 Hexythiazox 15.9 
24 Imazalil 10.9 
25 Imidacloprid 4.3 
26 Iprovalicarb 12.6 
27 Malathion 11.9 
28 Methomyl 2.8 
29 Monolinuron 8.6 
30 Propoxur 8.1 
31 Propyzamide 11.5 
32 Rotenone 13.2 
33 Simazine 7.9 
34 Spiroxamine 11.4 
35 Tebufenpyrad 15.5 
36 Thiacloprid 5.8 
37 Triazophos 12.3 






The calibration range was 10 – 200 ng mL
-1
 with five levels 10, 20, 50, 100, 
and 200 ng mL
-1
 were used to generate the calibration curve by plotting the ratio of 
the analyte peak area to the internal standard (IS) peak area with the ratio of the 
analytes concentration. Figure 9 shows an example of calibration of Acephate 
pesticide in Acetonitrile solvent. Appendix A illustrates the calibration plots of 38 
pesticides in the Acetonitrile solvent. Each calibration level was performed with 3 
replicates. 
3.1.2 GC-MS/MS Database Development 
The GC-MS/MS database development was carried out by creating a 
quantitative analysis method, which include the following steps: (1) scan for the 
precursor ions and  then saved them to the method, (2) creation of acquestion data 
file, (3) determination the precursor ions masses for each of the compounds in the 
acquired data file, (4) fragmentation the identified precursor ions masses and scanned 
for product ions at two different collision energies, (5) creation of a sequence to 
acquire data for finding the product ions, (6) determination of the product ion for 
each compound in the compound specific acquired data file, (7) creation of an MRM 
method that finds any of tested compounds in a sample. The optimized transitions 
were stored in optimizer data bases which contain two transitions per compound in 
addition to the conditions for the tested compounds. Table 10 shows the pesticide 
names and the precursor ion and product ion for each in addition to the collision 
energy and retention time of each. Figures (11-16) show some examples of the GC 
chromatograms and related MRM mass spectra of two pesticides as they were 
analyzed in ethyl acetate solvent, then in green and black tea matrices. These 





y = 5.9025x - 24.72 







































160 132.1 0 
30.3 
160 77.1 20 
2 Azinphos-methyl 
160 132.1 0 
30.3 
160 77.1 20 
3 Boscalid 
140 112 10 
32.4 
140 76 25 
4 Difenconazole 
322.8 264.8 15 
34.7 
322.8 201.9 40 
5 Propaquizafop 
162.9 135.8 10 
39.6 
162.9 99.9 25 
6 Propoxur 
110 64 15 
10.1 
110 63 25 
7 Pyraclostrobin 
132 104 15 
33.9 
132 77.1 20 
8 Pyrazophos 
221 193.1 10 
30.4 
221 149 15 
9 Pyrimethanil 
198 183.1 15 
13.8 
198 118.1 35 
10 Tebuconazole 
125 99 20 
27.1 
125 89 15 
 














Figure 10: GC Chromatogram and related MRM mass spectrum for 100 ng mL
-1



































Figure 11: GC Chromatogram and related MRM mass spectrum for 100 ng mL
-1



































Figure 12: GC Chromatogram and related MRM mass spectrum for 100 ng mL
-1





























Figure 13: GC Chromatogram and related MRM mass spectrum for 100 ng mL
-1































Figure 14: GC Chromatogram and related MRM mass spectrum for 100 ng mL
-1





















Figure 15: GC Chromatogram and related MRM mass spectrum for 100 ng mL
-1









The total Ion Chromatogram (TIC) is a sum of all the separate ion currents 
carried by the ions of different m/z contributing to a complete mass spectrum or in a 
specified m/z range of a mass spectrum. It monitors a very large window often of 
several hundred mass-to-charge units, therefore all pesticides can be separated in one 
run time form one sample injection. Figure 17 shows the GC-MS/MS chromatogram 
of 10 pesticides under MRM conditions. Table 11 summarizes the sequence of the 
eluted pesticides from the GC-MS/MS and their retention time.  
 
The calibration range was 10 – 200 ng mL
-1
 and five levels were used to 
generate the curve, 10, 20, 50, 100, and 200 ng mL
-1
. The curve was generated by 
plotting the ratio of the analyte peak area to the internal standard (IS) peak area with 
the ratio of the analytes concentration to IS concentration. Figure 16 shows an 
example of calibration of propaquizafap pesticide in Ethyl acetate solvent. Appendix 















y = 17.717x - 161.9 































Figure 16: Calibration curve of Propaquizafop in Ethyl Acetate solvent 































Table 11: Referred number and retention time of tested pesticides analyzed on GC as 







Referred  number 




1 Azinphos-ethyl 30.3 
2 Azinphos-methyl 30.3 
3 Boscalid 32.4 
4 Difenconazole 34.7 
5 Propaquizafop 39.6 
6 Propoxur 10.1 
7 Pyraclostrobin 33.9 
8 Pyrazophos 30.4 
9 Pyrimethanil 13.8 





3.2 Method Performance 
To evaluate method performance using the GC-MS/MS, LC-MS/MS and 
QuEChERS extraction protocol, the method was validated in terms of linearity, 
recovery, accuracy (trueness and precision (repeatability and reproducibility)), 
sensitivity (limits of detection (LODs), limits of quantification (LOQs)) and matrix 
effect percentage as describes in following sections 
 
3.2.1 Selection of Pesticides 
The analyzed pesticides cover a wide range of compounds employed in 
agriculture, like insecticides, herbicides, fungicides and acaricides. Eventually, the 
selected 48 pesticides came from different chemical families including 
organochlorines, organophosphates, carbamates, pyrethroids, pyrimidines, azoles, 
triazoles and others. They were chosen to be applicable to LC-MS/MS and GC-
MS/MS determination. Respective MRLs of active substances recommended for 
control of diseases, insects, mites, nematode pests and weeds in tea by EU and 
CODEX are given in the Table 12 for tested pesticides. Out of the total pesticides 
selected (48 compounds), only 38 pesticides were found to be suitable for LC-












MRLs (mg/Kg) Year of 
Adoption CODEX EU 
Acephate  0.05 2012 
Acetamiprid  0.05 2015 
Aldicarb  0.05 2011 
Azinphos-ethyl  0.05 2008 
Azinphos-methyl  0.1 2008 
Azoxystrobin  0.1 2015 
Benalaxyl  0.1 2011 
Boscalid  0.5 2012 
Buprofezin  0.05 2011 
Carbaryl  0.05 2014 
Carbendazim  0.1 2011 
Carbofuran  0.05 2015 
Chloroxuron  0.1 2015 
Clomazone  0.05 2013 
Clothianidin 0.7  2011 
Diazinon  0.05 2013 
Difenoconazole  0.05 2015 
Dimethoate  0.05 2009 
Ethion  3 2011 
Ethoprophos  0.02 2008 
Fenazaquin  10 2010 
Fenoxycarb  0.05 2008 
Fluazifop-P-butyl  0.1 2008 
Flufenacet  0.05 2014 
Flutolanil  0.05 2015 
Hexythiazox  4 2012 
Imazalil  0.1 2010 
Imidacloprid  0.05 2014 
Iprovalicarb  0.05 2013 
Malathion  0.5 2015 
Methomyl  0.1 2010 
Monolinuron  0.1 2015 
Propaquizafop  0.05 2008 
Propoxur  0.1 2008 
Propyzamide  0.05 2014 
Pyraclostrobin  0.1 2015 
Pyrazophos  0.1 2015 
Pyrimethanil  0.05 2015 
Rotenone  0.02 2008 
Simazine  0.05 2011 
Spiroxamine  0.1 2008 
Tebuconazole  0.05 2015 
Tebufenpyrad  0. 1 2013 
Thiacloprid  10 2015 
Triazophos  0.02 2012 
Trifloxystrobin  0.05 2015 
 







3.2.2 Method Validation 
The performance of the optimized LC-MS/MS and GC-MS/MS analyses of 
the final method was validated in accordance with EU SANCO guidelines for the 
performance of analytical methods for monitoring pesticide multiresidues 
(SANCO/12571/2013) (Method Validation and Quality Control Procedures for 
Pesticide Residue Analysis in Food and Feed, 2010). Untreated Green and Black tea 




 to evaluate the 
linearity, recovery, accuracy (trueness and precision (repeatability and 
reproducibility)), sensitivity (limits of detection (LODs), limits of quantification 
(LOQs)) and matrix effect percentage. Each one of these criterion will be discussed 
in details as follow: 
 
1- Linearity 
The linearity‟s of the calibration curves  for all the analytes were determined by 
analyzing reference standard solutions containing pesticides at five different 
concentration levels that were chosen in the range of 10-200 ng mL
-1
which is 
equivalent to 0.01-0.2 mgkg
-1
. Each calibration level for each pesticide was analyzed 
in three replicates. These concentration levels were used in both techniques, GC-
MS/MS and LC-MS/MS. 
The calibration curves were plotted using a least-square regression analysis. 
Each pesticide compound show good linearity for the GC-MS/MS and LC-MS/MS 
analysis in the studied working range, with correlation coefficient (R
2
) greater than 









vary from negative one to positive one but should be 0.97-1.00 for the method to be 
considered linear. Figure (18-21) show  examples of acephate and difenoconazole  
pesticides calibration curves in green and black tea matrices and analyzed by  LC-
MS/MS and GC-MS/MS, respectively. Appendices (C,D,E,F) illustrate the calibration 
plots of the tested pesticides in green and black tea matrices that were analyzed by 
GC-MS/MS and LC-MS/MS and the corresponding R
2 
value for each.  
 
2. Recovery 
Recovery experiments were performed at two spiking levels 10 and 100 
ng.mL
-1
 for the tested pesticides using 5 replicates in both Green and Black tea with 
LC-MS/MS and GC-MS/MS. Table 15 shows the relative recoveries of the 38 
pesticides analyzed in black and green tea matrices at two concentration levels, 10 
and 100 ng.mL
-1
 using LC-MS/MS method. It reports the relative recoveries, relative 
standard deviation and relative percentage error.   
For LC-MS/MS analyses, in Black tea, 70% of the pesticide recoveries at 10 and 100 
ng g
-1
were between 99.83 and 94.27%, respectively. For green tea 80 % of the tested 
pesticide has recovery of 93.75% at spiked level 10 ng g
-1
, while 85 % of tested 
pesticides has recovery of 95.08% at spiked level  100 ppb as shown in table 15 with 
the relative standard deviations (RSDs). Table 16 shows the relative recoveries of the 
10 pesticides analyzed in black and green tea matrices at two concentration levels, 10 
and 100 ng.mL
-1
 using GC-MS/MS method. It reports the relative recoveries, relative 








For GC-MS/MS recovery, in Black tea, 70% of the tested pesticide recovered at 10 
and 80 % at 100 ng g
-1 
were between 85.35% and 78.47%, respectively. While in 
Green tea, 80% of the tested pesticide recovered at 10 and 100 ng mL
-1 
were between  
79.29% and 73.35%, respectively as shown in table 16 with the relative standard 
deviations (RSDs). 
 
Guidance documents for monitoring of pesticide residue analysis within the 
European Union (SANCO, 2013) set mean recoveries for initial validation in the 
range of 70-120%, thus a requirement met for 26 pesticides in black tea and 30 
pesticides in green tea out of 38 different pesticide compounds analyzed by LC-
MS/MS. This corresponds to a relative standard deviations <20% in both black and 
green tea. 
Among the tested pesticides there are some pesticides have an odd data and 
unsatisfactory recoveries lower than 70% or higher than 120% for method (using 
LC-MS/MS or GC-MS/MS), these are due to several reasons that we can classified 
them as follow: (1) the reason behind those pesticides which present at high recovery 
level are due to the matrix effect which are available on them, for example  
carbendazim in black and green tea which shows strong matrix effect,(2) for 
pesticides that were in lower level, it seem that it's difficult to be determined 
according to DG-SANCO guidelines, also, low recoveries could be due to the 
possible volatilization or degradation during determination or due to the losses 







y = 5.0897x - 10.087 


















y = 3.9989x - 0.2181 
















































y = 250.74x - 2353.7 


















y = 575.51x - 4612.3 

























































Table 13: Linearity results of tested pesticides analyzed on GC-MS/MS expressed as correlation coefficient R
2
 and regression equation on tea 



















1 Azinphos-ethyl 0.997 y = 1095.5x - 7569.7  0.979 y = 572.41x - 6790.9 
2 Azinphos-methyl 0.997 y = 1095.5x - 7569.7  0.979 y = 572.41x - 6790.9 
3 Boscalid 0.999 y = 2793.6x - 11189  0.983 y = 1707.9x - 17448 
4 Difenoconazole 0.996 y = 575.51x - 4612.3  0.993 y = 250.74x - 2353.7 
5 Propaquizafop 1.000 y = 29.955x - 99.211  0.992 y = 9.0374x - 65.711 
6 Propoxur 0.999 y = 1406.1x - 5237.1  0.997 y = 861.67x - 3656.5 
7 Pyraclostrobin 0.999 y = 1282.6x - 6520.7  1.000 y = 156.84x - 191.64 
8 Pyrazophos 0.994 y = 985.98x - 10673  0.971 y = 505.6x - 7440.9 
9 Pyrimethanil 1.000 y = 422.05x - 1018.5  0.995 y = 315.21x - 1799.2 
10 Tebuconazole 0.998 y = 326.23x - 1930.3  0.992 y = 188.94x - 1456.7 
Overall average (R
2


















1 Acephate 1.000 y = 3.9989x - 0.2181  0.993 y = 5.0897x - 10.087 
2 Acetamiprid 0.999 y = 573.1x - 2362.7  0.999 y = 645x - 1395.2 
3 Aldicarb 0.997 y = 29.61x - 164.8  0.999 y = 66.914x - 115.39 
4 Azoxystrobin 1.000 y = 5.8697x + 5.2377  0.993 y = 5.0998x + 31.552 
5 Benalaxyl 1.000 y = 274.48x - 267.99  1.000 y = 265.28x + 1.0431 
6 Buprofezin 0.998 y = 299.95x - 1058.5  0.997 y = 288.39x - 437.53 
7 Carbaryl 0.995 y = 9.1209x - 68.19  0.999 y = 16.557x - 29.786 
8 Carbendazim 0.999 y = 230.07x - 884.09  0.998 y = 4.8841x - 20.125 
9 Carbofuran 0.995 y = 276.42x - 1805.7  0.998 y = 315.18x - 701.01 
10 Chloroxuron 1.000 y = 2777.3x - 3846.1  1.000 y = 2511.9x - 2125.5 
11 Clomazone 0.997 y = 438.49x - 2153.6  0.999 y = 481.72x - 922.82 
12 Clothianidin 0.992 y = 6.851x - 41.011  0.999 y = 6.7236x - 22.525 
13 Diazinon 0.998 y = 120.97x - 861.52  0.999 y = 138.35x - 323.21 
14 Dicrotophos 0.998 y = 220.35x - 926.58  1.000 y = 156.84x - 191.64 
15 Dimethoate 0.990 y = 1.9463x + 4.0127  0.998 y = 1.9481x - 5.5196 
16 Ethion 1.000 y = 5.619x - 19.908  0.999 y = 6.2298x + 3.5334 
17 Ethoprophos 0.995 y = 583.84x - 124.98  0.999 y = 664.12x - 907.73 
18 Fenazaquin 0.979 y = 474.58x - 7102.5  0.996 y = 802.49x - 5185.7 
19 Fenoxycarb 0.999 y = 885.67x - 2527.3  0.998 y = 963.71x - 2329.2 
Table 14: Linearity results of tested pesticides analyzed on LC-MS/MS expressed as correlation coefficient R
2
and regression equation on tea (Black 




































20 Fluazifop-P-butyl 0.999 y = 17.958x - 18.807  0.998 y = 16.996x - 10.008 
21 Flufenacet 0.999 y = 125.02x - 504.07  0.998 y = 149.82x - 323.69 
22 Flutolanil 0.997 y = 14.862x + 26.524  1.000 y = 15.108x - 9.2239 
23 Hexythiazox 0.994 y = 10.296x - 38.394  0.997 y = 9.4648x - 24.728 
24 Imazalil 0.998 y = 115.47x - 349.02  0.999 y = 95.416x - 111.8 
25 Imidacloprid 0.998 y = 4.6501x - 27.406  0.999 y = 5.5222x - 4.4201 
26 Iprovalicarb 0.998 y = 632.93x - 2481.7  0.998 y = 679.77x - 1885 
27 Malathion 1.000 y = 128.42x - 270.33  1.000 y = 234.82x - 117.35 
28 Methomyl 0.994 y = 0.9966x + 0.5229  0.973 y = 0.7158x - 11.666 
29 Monolinuron 0.997 y = 78.283x - 440.15  0.999 y = 92.732x - 105.93 
30 Propoxur 0.991 y = 6.7689x - 42.106  0.997 y = 9.3291x - 9.7474 
31 Propyzamide 1.000 y = 8.793x - 14.871  0.999 y = 9.0262x + 8.6086 
32 Rotenone 0.998 y = 23.61x - 91.027  0.998 y = 18.594x - 43.705 
33 Simazine 0.996 y = 51.737x - 333.46  0.999 y = 91.734x - 282.22 
34 Spiroxamine 1.000 y = 944.45x - 1694.3  1.000 y = 834.13x - 468.37 
35 Tebufenpyrad 0.998 y = 184.86x - 525.02  0.998 y = 168.73x - 130.81 
36 Thiacloprid 0.995 y = 609.9x - 3871.4  0.998 y = 679.1x - 1633.9 
37 Triazophos 1.000 y = 524.99x - 1215.3  1.000 y = 476.14x - 739.28 
38 Trifloxystrobin 1.000 y = 152.09x - 353.96  0.999 y = 148.36x - 122.07 
Overall average (R
2






Table 15: Relative recoveries, relative standard deviations (RSDs) and relative percentage error (RE) obtained for 38 pesticides spiked in tea (Black 
and Green) at two concentration levels 10 and 100 ng.mL
-1
 and determined by LC-MS/MS (n=5) 
94 
  Black Tea  Green Tea 
Level (ng/ mL.) 10 100  10 100 
Data (%) Rec RSD RE Rec RSD RE  Rec RSD RE Rec RSD RE 
1 Acephate 115.76 9.31 15.76 98.94 16.43 1.06  119.60 2.61 19.6 118.32 0.56 18.32 
2 Acetamiprid 87.10 16.52 12.90 79.06 15.97 20.94  70.14 1.37 29.86 68.18 11.34 31.82 
3 Aldicarb 18.89 8.01 81.11 61.69 59.97 38.31  75.05 16.87 24.95 89.79 10.60 10.21 
4 Azoxystrobin 100.35 8.32 0.35 52.05 49.08 47.95  4.78 74.35 95.22 111.49 12.72 11.49 
5 Benalaxyl 94.47 18.49 5.53 85.89 13.10 14.11  105.28 12.87 5.28 98.81 11.89 1.19 
6 Buprofezin 83.87 15.28 16.13 78.43 14.46 21.57  92.08 7.85 7.92 94.50 15.18 5.50 
7 Carbaryl 104.68 10.92 4.68 75.11 19.23 24.89  95.77 12.32 4.23 92.46 18.24 7.54 
8 Carbendazim 14310 49.05 14210 1176 41.67 1076.84  5.61 64.05 94.39 2014.9 31.82 1914.94 
9 Carbofuran 119.67 18.66 19.67 110.92 13.77 10.92  117.97 7.45 17.97 109.78 8.83 9.78 
10 Chloroxuron 16.88 99.63 83.12 4.13 187.83 95.87  76.52 8.23 23.48 73.65 19.90 26.35 
11 Clomazone 107.24 18.02 7.24 95.01 13.23 4.99  104.06 6.26 4.06 101.21 12.05 1.21 
12 Clothianidin 97.65 17.46 2.35 92.21 10.56 7.79  100.23 15.75 0.23 92.14 11.64 7.86 
13 Diazinon 89.57 16.07 10.43 82.11 6.63 17.89  103.20 8.96 3.20 98.49 13.36 1.51 
14 Dicrotophos 120.07 15.21 20.07 119.16 10.70 19.16  93.76 8.85 6.24 99.65 11.16 0.35 
15 Dimethoate 183.57 12.81 83.57 103.42 8.29 3.42  150.97 50.25 50.97 89.33 14.48 10.67 
16 Ethion 61.62 28.03 38.38 50.92 25.70 49.08  70.52 15.42 29.48 57.23 53.51 42.77 
17 Ethoprophos 102.68 17.90 2.68 102.82 8.88 2.82  101.63 6.37 1.63 106.37 9.24 6.37 






       Rec: Relative recoveries 
       RSD: Relative Standard Deviation Percent 
       RE: Relative Error 
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  Black Tea  Green Tea 
Level (ng/mL.) 10 100  10 100 
Data (%) Rec RSD RE Rec RSD RE  Rec RSD RE Rec RSD RE 
19 Fenoxycarb 97.02 16.18 2.98 78.26 14.67 21.74  95.32 11.23 4.68 86.62 13.94 13.38 
20 Fluazifop-P butyl 40.96 50.56 59.04 37.38 32.09 62.62  81.84 17.16 18.16 81.35 18.38 18.65 
21 Flufenacet 103.93 16.93 3.93 101.34 10.56 1.34  95.76 18.70 4.24 101.20 15.77 1.20 
22 Flutolanil 118.79 13.65 18.79 103.25 8.63 3.25  77.42 18.65 22.58 101.12 17.55 1.12 
23 Hexythiazox 49.32 18.37 50.68 43.93 14.61 56.07  70.39 13.76 29.61 101.00 11.38 1.00 
24 Imazalil 9.54 93.77 90.46 2.34 103.63 97.66  7.00 24.27 93.00 6.35 30.17 93.65 
25 Imidacloprid 105.32 10.70 5.32 99.02 20.69 0.98  114.05 2.23 14.05 97.73 15.78 2.27 
26 Iprovalicarb 94.06 13.83 5.94 94.45 14.80 5.55  99.16 10.39 0.84 100.02 12.79 0.02 
27 Malathion 116.85 15.54 16.85 106.36 10.61 6.36  116.61 12.97 16.61 108.40 9.60 8.40 
28 Methomyl 115.11 17.78 15.11 116.25 15.72 16.25  107.91 12.27 7.91 85.63 10.70 14.37 
29 Monolinuron 102.09 7.56 2.09 78.32 12.25 21.68  100.74 7.39 0.74 103.38 13.73 3.38 
30 Propoxur 84.79 16.21 15.21 105.25 8.45 5.25  86.09 14.36 13.91 114.07 7.27 14.07 
31 Propyzamide 92.73 12.05 7.27 92.91 12.66 7.09  118.66 10.35 18.66 115.98 10.34 15.98 
32 Rotenone 8.53 18.24 91.47 19.92 127.25 80.08  93.48 16.88 6.52 98.91 16.28 1.09 
33 Simazine 40.38 80.28 59.62 30.28 139.05 69.72  89.10 13.81 10.90 73.42 15.64 26.58 
34 Spiroxamine 81.47 17.16 18.53 77.90 18.35 22.10  59.70 23.41 40.30 56.62 14.51 43.38 
35 Tebufenpyrad 19.43 75.57 80.57 6.50 141.95 93.50  61.36 17.34 38.64 50.40 23.11 49.60 
36 Thiacloprid 99.54 8.95 0.46 99.26 16.10 0.74  52.37 7.73 47.63 94.92 14.15 5.08 
37 Triazophos 22.28 97.97 77.72 3.61 170.42 96.39  90.09 7.30 9.91 79.35 15.65 20.65 









Rec: Relative recoveries 
RSD: Relative Standard Deviation Percent 
RE: Relative Error 
 
Table 16: Relative recoveries, relative standard deviations (RSDs) and relative percentage error (RE) obtained for 10 pesticides spiked in tea (Black 
and Green) at two concentration levels 10 and 100 ng.mL
-1




  Black Tea  Green Tea 
Level (ng/ mL.) 10 100  10 100 
Data (%) Rec RSD RE Rec RSD RE  Rec RSD RE Rec RSD RE 
1 Azinphos-ethyl 74.34 8.91 25.66 78.69 5.63 21.31  75.50 6.16 24.50 72.26 4.24 27.74 
2 Azinphos-methyl 74.34 8.91 25.66 78.69 5.63 21.31  74.43 8.92 25.57 72.26 4.24 27.74 
3 Boscalid 72.09 6.22 27.91 75.44 4.52 24.56  73.13 3.98 26.87 75.62 2.58 24.38 
4 Difenconazole 93.95 15.20 6.05 74.36 10.79 25.64  72.06 13.14 27.94 69.98 5.59 30.02 
5 Propaquizafop 70.08 1.88 29.92 75.97 15.89 24.03  70.05 7.69 29.95 69.93 5.85 30.07 
6 Propoxur 29.09 7.53 70.91 33.39 4.93 66.61  30.16 5.31 69.84 34.51 8.43 65.49 
7 Pyraclostrobin 109.3 10.76 9.35 92.71 12.81 7.29  118.80 9.28 18.80 81.35 13.89 18.65 
8 Pyrazophos 65.68 13.93 34.32 72.23 6.73 27.77  64.59 6.91 35.41 63.21 5.36 36.79 
9 Pyrimethanil 57.23 6.71 42.77 62.89 4.03 37.11  74.62 3.35 25.38 75.76 5.44 24.24 







Accuracy measurements are usually expressed in terms of two components: “Trueness” and 
“Precision”. 
a. Trueness Inter-Laboratory Comparison (Proficiency tests) 
Laboratories analyzing samples for the official control of pesticide residues 
participate in PT organized by Fera The robustness of the method was tested by 
participating in FAPAS® proficiency test (PT) for tea.. Table 17 shows the 
concentrations found for the detected pesticides, ethion and malathion in the tested 





Pesticides Residues Recovery % 
Z score 
Amt (µg/kg) Amt (µg/kg) @ 0.1ppm 
Ethion 84.9 95.27 88.62 0.6 
     
Malathion 99.1 92.05 113.34 -0.3 
     
* Accepted z-score: -2 to +2. 
Table 17: Inter laboratory comparison between Sharjah Central Lab and FAPAS 
laboratory. 
 
Both the target compounds (Ethion and Malathion) covered by the proficiency test 
were properly identified and the respective z-score values obtained were satisfactory 
and within the accepted z-score (-2 to +2). The results can therefore be considered 
good and the method has good accuracy and comparability with other laboratories 
and methods.  
b. Precision – repeatability and reproducibility  
The mean repeatability (Inter-day precision) expressed as % relative standard 






spiked with 10 and 100 ng mL
-1
at five replicates for each level. Tables 18 and 
19 show the precision of the tested pesticides at two different concentration in green 
and black tea samples that were analyzed on LC-MS/MS and GC-MS/MS, 
respectively. 
For GC-MS/MS results, in green tea, it was noticed from the results that all of the 
pesticides gave excellent precision .while in black tea 80% of compounds were 
within the limit (less than 20%) ,except Pyrazophos and Pyrimethanil which were  
higher than expected at levels of 36.945 at 10 μgL-1 and 27.31 at 100 μgL-
1,respectiviely. 
On the other hand, using LCMSMS, in green tea, 87% of tested compounds were 
within the limit (less than 20%) at 10 μgL
-1
 and 92% less than 20% at 100 μgL
-1
. 
While in Black tea, 89% of tested pesticides were less than 20%)  at 10 μgL
-1
 and 





Inter-day precision (RSDr, %) 
a










Green Black Green Black Green Black Green Black 
Azinphos-ethyl 6.16 8.91 4.24 5.63 2.70 10.14 9.29 8.16 
Azinphos-methyl 8.92 8.91 4.24 5.63 2.54 10.14 7.06 8.16 
Boscalid 3.98 6.22 2.58 4.52 2.33 9.42 7.13 14.65 
Difenoconazole 13.14 15.20 5.59 10.79 1.19 16.66 9.37 10.57 
Propaquizafop 7.69 1.88 5.85 15.89 2.84 17.43 13.95 8.72 
Propoxur 5.31 7.53 8.43 4.93 2.11 11.08 4.83 12.11 
Pyraclostrobin 9.28 10.76 13.89 12.81 6.40 16.37 1.64 5.11 
Pyrazophos 6.91 13.93 5.36 6.73 2.98 36.94 6.51 6.22 
Pyrimethanil 3.35 6.71 5.44 4.03 1.78 13.79 5.00 27.31 
Tebuconazole 7.13 21.47 5.73 6.83 2.87 7.22 8.94 13.32 
aRSDR = Relative standard deviation for reproducibility. 
bRSDr = Relative standard deviation for repeatability  
 
Table 18: Precision – repeatability and reproducibility (RSDr and RSDR %) of the 









The mean reproducibility (Intra-day precision) expressed as % relative standard 
deviation (RSDR), obtained in two different days with freshly prepared organic tea 
sample spiked with tested pesticides at levels of 10 and 100 ng mL
-1
at five replicates 
for each level. Data are shown in table (18 and 19) for GC-MS/MS and LC-MS/MS, 
respectively. Using GC-MS/MS, in green tea, it was observed  from the results that 
all of the pesticides gave excellent precision at spiked levels of 10 and 100 μg L
-1
 , 
while in Black tea; all of the pesticides gave excellent precision at 10 and 100 μg L
-
1
except Tebuconazole who gave (21.47%) at 10 μg.L
-1
. 
On the other hand, LC-MS/MS results of pesticides in green tea shows that 85% of 
the tested compounds were within the limit (less than 20%) at spiked levels of 
pesticides of 10 μg L
-1
 and 89% of the result were less than 20% at 100 μg L
-1
. While 
in Black tea, the LC-MS/MS results of 77% of tested pesticides were less than 20% 
at 10 μg L-1 and 71% less than 20% at 100 μg L
-1 
However comparing the obtained results of reproducibility and repeatability with 
those reported by (W. Xie, Ding, Jiang, & Xi, 2006) and (European Commission 
Document SANCO/12571/2013) for Precision. We found that the RSD values show 
that our results are within the limit (less than 20%), which support the results 














Inter-day precision (RSDr, %) 
a










Green Black Green Black Green Black Green Black 
Acephate 2.61 9.31 0.56 16.43 3.43 3.43 0.87 3.01 
Acetamiprid 1.37 16.52 11.34 15.97 1.82 12.45 1.52 5.89 
Aldicarb 16.87 8.01 10.60 59.97 1.02 9.71 4.35 23.80 
Azoxystrobin 74.35 8.32 12.72 49.08 157.8 8.32 11.43 19.99 
Benalaxyl 12.87 18.49 11.89 13.10 11.49 13.04 2.57 7.59 
Buprofezin 7.85 15.28 15.18 14.46 3.45 13.75 5.70 6.99 
Carbaryl 12.32 10.92 18.24 19.23 6.15 8.97 5.26 11.38 
Carbendazim 64.05 49.05 31.82 41.67 55.07 11.65 39.97 37.61 
Carbofuran 7.45 18.66 8.83 13.77 1.73 2.50 1.57 7.31 
Chloroxuron 8.23 99.63 19.90 187.83 0.57 2.54 3.71 38.63 
Clomazone 6.26 18.02 12.05 13.23 2.42 1.14 1.98 6.81 
Clothianidin 15.75 17.46 11.64 10.56 4.73 9.01 10.00 7.32 
Diazinon 8.96 16.07 13.36 6.63 3.34 6.59 4.51 5.73 
Dicrotophos 8.85 15.21 11.16 10.70 4.79 1.22 9.24 4.43 
Dimethoate 50.25 12.81 14.48 8.29 3.04 15.57 12.59 25.29 
Ethion 15.42 28.03 53.51 25.70 15.42 21.37 4.96 28.73 
Ethoprophos 6.37 17.90 9.24 8.88 2.34 17.54 4.11 6.88 
Fenazaquin 9.93 9.72 9.49 18.63 3.72 9.68 7.83 3.00 
Fenoxycarb 11.23 16.18 13.94 14.67 1.29 11.49 2.41 7.04 
Fluazifop-P-butyl 17.16 50.56 18.38 32.09 13.60 46.75 15.72 28.15 
Flufenacet 18.70 16.93 15.77 10.56 1.42 17.74 4.74 6.31 
Flutolanil 18.65 13.65 17.55 8.63 19.75 22.94 15.91 13.18 
Hexythiazox 13.76 18.37 11.38 14.61 5.26 18.09 3.89 5.71 
Imazalil 24.27 93.77 30.17 103.63 140.1 4.53 21.67 30.30 
Imidacloprid 2.23 10.70 15.78 20.69 14.19 8.29 10.37 15.84 
Iprovalicarb 10.39 13.83 12.79 14.80 4.12 4.17 20.25 9.04 
Malathion 12.97 15.54 9.60 10.61 1.32 14.36 5.29 7.80 
Methomyl 12.27 17.78 10.70 15.72 3.76 10.25 3.35 4.01 
Monolinuron 7.39 7.56 13.73 12.25 2.37 3.58 3.60 2.45 
Propoxur 14.36 16.21 7.27 8.45 8.43 16.16 5.92 7.89 
Propyzamide 10.35 12.05 10.34 12.66 1.53 3.31 13.16 9.85 
Rotenone 16.88 18.24 16.28 127.25 14.33 19.35 8.92 15.27 
Simazine 13.81 80.28 15.64 139.05 3.35 3.34 3.50 7.75 
Spiroxamine 23.41 17.16 14.51 18.35 6.03 39.30 3.87 5.75 
Tebufenpyrad 17.34 75.57 23.11 141.95 65.27 7.05 3.31 14.43 
Thiacloprid 7.73 8.95 14.15 16.10 57.87 1.24 2.11 3.95 
Triazophos 7.30 97.97 15.65 170.42 4.47 5.88 4.45 16.01 
Trifloxystrobin 7.09 15.41 11.35 14.94 2.62 18.70 4.75 11.26 
aRSDR = Relative standard deviation for reproducibility. 
bRSDr = Relative standard deviation for repeatability  
 
Table 19: Precision – repeatability and reproducibility (RSDr and RSDR %) of the 







4. Sensitivity  
a. Limit of Detection and Limit of Quantitation 
The limit of detection and limit of quantitation of each pesticide in Green and 
Black tea samples analyzed by  LC-MS/MS and GC-MS/MS, are listed in Tables 20 
and 21, respectively. 
As shown in table 20, using LC-MS/MS, the standard deviation varied from (±0.15 
to ±9.53)% and (± 0.49 to ±5.85)% in green and black tea, respectively. The LOQ 
was mostly in the range of 0.001 to 0.124 ng.mL
-1
and 0.0003 to 0.07 ng.mL
-1
in green 
and black tea, respectively. While the LOD was calculated to be (0.0003- 0.041) 
ng.mL
-1
 for Green tea and (0.0001- 0.023) ng.mL
-1
 for Black tea. 
As shown in table 21, using GC-MS/MS, the standard deviation varied from (±0.33 
to ±14.43)% and (± 1.13 to ±28.76)% in green and black tea, respectively. 
The LOQ was mostly in the range of (0.054 to 0.237) ng.mL
-1
 and (0.063 to 0.244) 
ng.mL
-1
 in green and black tea, respectively. While the LOD was calculated to be 
(0.018- 0.078) ng.mL
-1
for Green tea and (0.021-0.08) ng.mL
-1
 for Black tea. 
The LODs and LOQs were much lower than the MRLs established by Codex and the 
EU legislations they results are suggest that the proposed method is particularly 

















Green tea Black tea 
SD LOD LOQ SD LOD LOQ 
1 Acephate 2.51 0.012 0.037 5.68 0.020 0.060 
2 Acetamiprid 1.55 0.005 0.017 1.44 0.005 0.016 
3 Aldicarb 1.81 0.013 0.038 1.84 0.012 0.035 
4 Azoxystrobin 9.53 0.002 0.007 0.49 0.0001 0.0003 
5 Benalaxyl 0.50 0.0004 0.001 0.77 0.001 0.002 
6 Buprofezin 1.21 0.001 0.004 2.67 0.002 0.007 
7 Carbaryl 1.88 0.004 0.012 1.13 0.002 0.007 
8 Carbendazim 0.83 0.002 0.005 1.41 0.002 0.006 
9 Carbofuran 2.02 0.003 0.008 5.85 0.007 0.022 
10 Chloroxuron 0.53 0.0003 0.001 1.01 0.001 0.002 
11 Clomazone 2.81 0.002 0.007 4.36 0.003 0.010 
12 Clothianidin 0.47 0.011 0.034 1.11 0.023 0.070 
13 Diazinon 1.55 0.002 0.005 0.67 0.001 0.002 
14 Dicrotophos 1.94 0.008 0.023 2.25 0.007 0.021 
15 Dimethoate 1.04 0.002 0.007 2.47 0.004 0.011 
16 Ethion 0.72 0.0005 0.001 0.63 0.0003 0.001 
17 Ethoprophos 6.58 0.009 0.027 1.93 0.002 0.007 
18 Fenazaquin 1.97 0.001 0.003 1.87 0.001 0.002 
19 Fenoxycarb 1.47 0.001 0.004 0.93 0.001 0.002 
20 Fluazifop-P-butyl 1.91 0.001 0.003 4.39 0.002 0.005 
21 Flufenacet 1.01 0.001 0.003 1.11 0.001 0.003 
22 Flutolanil 1.71 0.001 0.003 0.99 0.0004 0.001 
23 Hexythiazox 0.61 0.003 0.010 1.38 0.006 0.018 
24 Imazalil 6.54 0.022 0.068 1.01 0.003 0.009 
25 Imidacloprid 0.89 0.041 0.124 1.13 0.012 0.036 
26 Iprovalicarb 0.89 0.001 0.002 1.05 0.001 0.002 
27 Malathion 1.21 0.005 0.015 2.05 0.007 0.022 
28 Methomyl 1.99 0.007 0.020 3.63 0.007 0.022 
29 Monolinuron 0.15 0.001 0.002 0.49 0.002 0.007 
30 Propoxur 0.66 0.001 0.002 0.76 0.001 0.002 
31 Propyzamide 0.68 0.004 0.011 0.51 0.002 0.007 
32 Rotenone 0.78 0.004 0.011 0.81 0.003 0.009 
33 Simazine 1.44 0.024 0.074 1.56 0.023 0.070 
34 Spiroxamine 1.04 0.001 0.002 1.66 0.001 0.004 
35 Tebufenpyrad 2.10 0.008 0.025 2.19 0.007 0.021 
36 Thiacloprid 3.78 0.006 0.018 0.75 0.001 0.003 
37 Triazophos 1.43 0.0004 0.001 2.43 0.001 0.002 
38 Trifloxystrobin 0.97 0.0003 0.001 0.58 0.0002 0.001 
LOD = Limit of detection,  
 SD = Standard Deviation 
LOQ = Limit of quantitation  
 
Table 20: Limits of detection (LOD) and Limits of quantitation (LOQ) of the tested 









Green tea Black tea 
SD LOD LOQ SD LOD LOQ 
1 Azinphos-ethyl 4.25 0.028 0.084 7.08 0.035 0.107 
2 Azinphos-methyl 6.70 0.044 0.133 15.21 0.076 0.230 
3 Boscalid 14.43 0.047 0.141 28.76 0.070 0.212 
4 Difenoconazole 0.73 0.029 0.089 2.10 0.042 0.127 
5 Propaquizafop 0.33 0.018 0.054 1.13 0.037 0.112 
6 Propoxur 2.59 0.020 0.059 4.12 0.021 0.063 
7 Pyraclostrobin 7.58 0.049 0.149 3.77 0.022 0.068 
8 Pyrazophos 9.35 0.078 0.237 12.32 0.080 0.244 
9 Pyrimethanil 0.58 0.027 0.083 1.30 0.029 0.089 
10 Tebuconazole 6.92 0.045 0.137 1.69 0.043 0.132 
LOD = Limit of detection 
 SD = Standard Deviation 
LOQ = Limit of quantitation  
 
Table 21: Limits of detection (LOD) and Limits of quantitation (LOQ) of the tested 



















5. Matrix Effect 
One of the main problems in the detection of pesticide residues in agricultural 
products is the matrix effect. The co-extracted compounds such as: pigments, fatty 
acids, sugars, and others, interfere with the detection of the pesticide making the 
cleanup of the final extract to play an important role in sample analysis (Fialkov, 
Urs, Steven.J, & Aviv, 2007). 
At present, there is not a unique extraction technique and cleanup methods which 
eliminate completely the matrix effect. Nevertheless, the “Quick, Easy, Cheap, 
Effective, Rugged and Safe” (QuEChERS) methodologies have been applied in 
many laboratories, with good results and high recoveries, for several complex 
matrices extractions which indicate that they should be an important part of any 
method designed to detect and determine pesticides for complex matrix such as those 
in green and black tea and others. 
When pesticides are analyzed on chromatography method in the presence of matrix, 
the matrix may affect the resulted separation either by:  (1) a matrix induce 
chromatographic response enhancement or (2) a matrix induce chromatographic 
response suppression (Hajslova et al., 1997). 
The first matrix effect occurs due to interactions of the matrix compounds with the 
remaining active sites of the GC injector liner, column and detector, which avoid 
pesticides losses by concepts of thermal degradation or by adsorption, leading to 
increment the detected pesticides signals. 
The second effect could happened when the pesticides interact and co-elute with the 







chromatogram background increase,producing a suppression of the chromatographic 
pesticide signal (Hajslova et al., 1997). 
Estimation of the matrix effect extent: 
The type or extent of the matrix effect (suppression or enhancement) was evaluated 
through the matrix effect percentage (% ME) calculation. This percentage was 
calculated from literature report (Ferrer, Lozano, Aguera, Jimenez Giron, & 
Fernandez-Alba, 2011) as the percentage of the difference between the slop values of 
the matrix match calibration curve and the solvent one according to the following 
equation.  
  ( )  [
                                   
                                     
] −       
 
The % ME could be negative or positive and would be classified in three categories 
(Ferrer et al., 2011) as shown in table 22:  no matrix effect; medium matrix effect 
and strong matrix effect, when the values found for the ME are between -20% and 
+20%, it is considered low; if they are between -50% and -20% or between +20% 
and +50%, it is considered medium; and if these values are below -50% or above 
+50% the ME is considered high. The variation in matrix effects was dependent on 





Positive values Negative values 
No matrix effect 20% -20% 
Medium matrix effect 20% to 50% -20% to -50% 
Strong matrix effect More than 50% Less than -50% 
 






The calculated % ME values in LC-MS/MS for each pesticide are reported in Table 
23. From the results, 42% and 39% of the studied pesticides had no matrix effect, 
while 47% and 55% had medium matrix effect, but 10% and 5% have strong matrix 
effect in green and black tea, respectively. In green tea Acephate, Imazalil, and 
Carbendazim have strong negative matrix effect, and Ethion has strong positive 
matrix effect. Matrix effects result from co-eluting matrix components that affect the 
ionization of the target analyte, resulting either in ion suppression, or, in some cases, 
ion enhancement. 
Green tea has no strong matrix effect in tested pesticides evaluated using GC-
MS/MS, while 20% and 80% of tested compounds results are in the range of the 
compounds without or medium matrix effect, respectively. In Black tea, Azinphos-
ethyl, Azinphos-methyl, Difenoconazole, Propaquizafop and Propoxur exhibited a % ME 
categorized as strong matrix effect corresponding 50% of tested compounds as 
reported in Table 24. 
From the above data, considerable variation in the magnitude of the matrix effects 
has been observed, not only among various matrices, but from sample to sample even 
within the same matrix type (Kruve et al., 2008) 
3.3 Pesticide Residues in Collected Real Tea Samples from UAE Market 
Our results showed that the imported Black teas to UAE are free from 
residues of pesticides. However, it was found that the green tea has some pesticides 
which are lower than established MRL values. The result that reporting in the 
following tables were in mg/kg unit because the extracted sample which where 
reconstituted to 1 mL have the concentration of these pesticides where calculated 




















ME% ME classification Solvent slope 
Matrix 
slope 
ME% ME classification 
1.  Acephate 11482 5.0897 -99.96 Strong ME 11482 12442 8.36 No ME 
2.  Acetamiprid 1142 695.92 -39.06 Medium ME 1142 573.1 -49.82 Medium ME 
3.  Aldicarb 53.23 53.23 0 No ME 53.23 53.23 0.00 No ME 
4.  Azoxystrobin 6.875 5.5276 -19.6 No ME 6.875 5.8697 -14.62 No ME 
5.  Benalaxyl 339.69 272.71 -19.72 No ME 339.69 274.48 -19.20 No ME 
6.  Buprofezin 383.37 296.86 -22.57 Medium ME 383.37 299.95 -21.76 Medium ME 
7.  Carbaryl 14.402 17.788 23.51 Medium ME 14.402 8.7028 -39.57 Medium ME 
8.  Carbendazim 484.31 240.03 -50.44 Strong ME 484.31 230.07 -52.50 Strong ME 
9.  Carbofuran 257.74 319.65 24.02 Medium ME 257.74 269.57 4.59 No ME 
10.  Chloroxuron 3527 2553.8 -27.59 Medium ME 3527 2777.3 -21.26 Medium ME 
11.  Clomazone 603.21 511.38 -15.22 No ME 603.21 438.49 -27.31 Medium ME 
12.  Clothianidin 15.422 7.7768 -49.57 Medium ME 15.422 9.6873 -37.19 Medium ME 
13.  Diazinon 162.77 138.94 -14.64 No ME 162.77 125.44 -22.93 Medium ME 
14.  Dicrotophos 578.9 300.53 -48.09 Medium ME 578.9 293.35 -49.33 Medium ME 
15.  Dimethoate 2.9073 1.982 -31.83 Medium ME 2.9073 1.6068 -44.73 Medium ME 
16.  Ethion 4.7547 8.0739 69.81 Strong ME 4.7547 5.619 18.18 No ME 











No. Pesticide Green tea Black tea 
Solvent slope Matrix slope  ME% ME classification Solvent slope Matrix slope  ME% ME classification 
18.  Fenazaquin 1017.2 691.23 -32.05 Medium ME 1017.2 599.58 -41.06 Medium ME 
19.  Fenoxycarb 1223.8 961.74 -21.41 Medium ME 1223.8 885.67 -27.63 Medium ME 
20.  Fluazifop-P-butyl 15.992 16.159 1.04 No ME 15.992 17.958 12.29 No ME 
21.  Flufenacet 150.16 139.15 -7.33 No ME 150.16 125.02 -16.74 No ME 
22.  Flutolanil 21.275 14.6 -31.37 Medium ME 21.275 15.204 -28.54 Medium ME 
23.  Hexythiazox 9.6204 9.4471 -1.80 No ME 9.6204 10.089 4.87 No ME 
24.  Imazalil 201.44 100.45 -50.13 Strong ME 201.44 115.47 -42.68 Medium ME 
25.  Imidacloprid 10.571 5.7825 -45.30 Medium ME 10.571 5.8317 -44.83 Medium ME 
26.  Iprovalicarb 1280.6 999.381 -21.96 Medium ME 1280.6 646.96 -49.48 Medium ME 
27.  Malathion 188.24 233.8 24.20 Medium ME 188.24 128.42 -31.78 Medium ME 
28.  Methomyl 1.6179 1.662 2.73 No ME 1.6179 0.9788 -39.50 Medium ME 
29.  Monolinuron 111.27 101.22 -9.03 No ME 111.27 78.283 -29.65 Medium ME 
30.  Propoxur 9.3252 9.6532 3.52 No ME 9.3252 6.835 -26.70 Medium ME 
31.  Propyzamide 12.12 10.006 -17.44 No ME 12.12 8.4503 -30.28 Medium ME 
32.  Rotenone 27.756 20.909 -24.67 Medium ME 27.756 22.753 -18.02 No ME 
33.  Simazine 113.29 66.424 -41.37 Medium ME 113.29 51.737 -54.33 Strong ME 
34.  Spiroxamine 1167.4 819.54 -29.80 Medium ME 1167.4 944.45 -19.10 No ME 
35.  Tebufenpyrad 150.31 166.59 10.83 No ME 150.31 178 18.42 No ME 
36.  Thiacloprid 1160 663.47 -42.80 Medium ME 1160 592.76 -48.90 Medium ME 
37.  Triazophos 601.34 495.27 -17.64 No ME 601.34 524.99 -12.70 No ME 
















Green tea Black tea 
Solvent slope Matrix slope ME% ME classification Solvent slope Matrix slope ME% ME classification 
1.  Azinphos-ethyl 529.43 692.83 30.86 Medium ME 529.43 1095.5 106.92 Strong ME 
2.  Azinphos-methyl 529.43 692.83 30.86 Medium ME 529.43 1095.5 106.92 Strong ME 
3.  Boscalid 53.23 53.23 0.00 No ME 53.23 53.23 0.00 No ME 
4.  Difenoconazole 134.15 199.58 48.77 Medium ME 134.15 571.86 326.28 Strong ME 
5.  Propaquizafop 17.717 12.135 -31.51 Medium ME 17.717 29.955 69.07 Strong ME 
6.  Propoxur 666.53 999.3 49.93 Medium ME 666.53 1406.1 110.96 Strong ME 
7.  Pyraclostrobin 1200 1282.6 6.88 No ME 1200 1282.6 6.88 No ME 
8.  Pyrazophos 277.82 416.62 49.96 Medium ME 277.82 410.98 47.93 Medium ME 
9.  Pyrimethanil 234.8 345.37 47.09 Medium ME 234.8 350.05 49.08 Medium ME 
10.  Tebuconazole 140.603 201.81 43.53 Medium ME 140.603 210.23 49.52 Medium ME 
ME% matrix effect percent 
 











become from two gram of sample not one gram. The final concentration of pesticide 
per one gram of dried tea. 
Analysis of tea samples (Green and Black) using GC-MS/MS table 25 showed the 
only detected pesticide residues in real samples of Green tea (Hemani Brand) which 
was Difenoconazole pesticide and its residues varied greatly in samples collected 
during 2014-2015; its concentration was 3.10E-04 ± 4.55E-06 mg kg
-1
 in 2014 which 
is lower than MRL established by EU, While samples collected in 2015, the residues 
of same pesticide was  2.04E-04  ± 2.53E-05 mg kg
-1
 and below the MRL required 
by EU. 
Using LC-MS/MS, The analytical data showed in table 26 that among the pesticide 
residues detected in tea samples (Green and Black), only pesticides residues detected 
in Green tea, Acetamiprid had the highest detected frequency and it was collected 
during 2014-2015, the second highest detection frequency pesticide was Buprofezin 
which was collected in 2014.  
In 2014, the detected residues of Acetamiprid in green tea in mg kg
-1
 was as 
following; 1.68E-04 ± 2.07E-05, 5.57E-05 ± 5.70E-06 and 4.01E-05 ± 4.8E-06 in the 
brands Ahmed, Hemani and Chinese, respectively as shown in table 26. In 2015, 
table 27 showed that the detected residues for Acetamiprid pesticide in mg kg
-1
 were 
4.10E-05± 3.90E-06, 1.56E-05 ± 1.00E-06 and 3.72E-05 ± 4.20E-06 in the brands 
Ahmed, Hemani and Chinese, respectively. The level  were below those MRL values 
represented by EU for this particular compound. None of the real tea samples had 
residues of other pesticide compounds.  
The detected pesticides in green tea were Acetamiprid, Buprofezin and 







live of degradation for thesis pesticides in plant as following: (5.26-6.15) days, (5.69-
7.26) days and (4.65-5.43) days, respectively (Fantke, Gillesoie, Juraske, & Jolliet, 
2014). 
 


















Table 25: Residue level of pesticides in real Green Tea samples collected during 




















MRL (mg/kg) 0.05 0.05 0.05 









MRL(mg/kg) 0.05 0.05 0.05 
Remarks Below MRL ND ND 
 
Table 26: Residue level of pesticides in real Green Tea samples collected during 































MRL(mg/kg) 0.05 0.05 0.05 
Remarks Below MRL Below MRL Below MRL 
 
Table 27: Residue level of pesticides in real Green Tea samples collected during 






Chapter 4: Conclusion 
 
With the recent advances and novel developments in chromatography and 
mass spectrometry, it is evident that the great improvement in sensitivity and 
selectivity offered by the combination of these two powerful analytical techniques 
has made significant contributions in both the screening and the quantitative 
determinations of food contaminants. It has been well established that this is the 
cornerstone of analytical technique for monitoring and controlling the 
wholesomeness of foods 
4.1 Using a Simple Multi Residues Analytical Method to Determine 48 Pesticide 
Residues in a Tea Matrix in Short Time Run 
In this work, a method development for the simultaneous determination of 48 
pesticides residues in tea was performed by using GC-MS/MS and LC-MS/MS. The 
coupling of the chromatographic techniques with QqQ MS provided an efficient and 
reliable method for the multi classes of pesticide residue analysis in tea matrices, 
especially for the pesticide with high polarity, low thermal liability or low volatility. 
The tea sample was directly extracted with acetonitrile; little matrix effect on MS 
detection was found. The proposed method was validated to ensure the feasibility of 
the method for its application in routine analysis. The sensitivity and selectivity of 
the LC-MS/MS and GC-MS/MS reached significantly below than the MRLs 










4.2 Identification, Confirmation, and Quantification of Multi Residues 
Pesticides in Tea Matrixes By LC–ESI (+)-MS/MS and GC-EI-MS/MS 
Using Multiple Reactions Monitoring (MRM) Mode 
A very quick, easy, effective, rugged, reliable and accurate multi-residue extraction 
and clean up method based on modified QuEChERS method was used for the 
determination of pesticides multiresidues in tea by gas and liquid chromatography 
with tandem mass spectrometry using multiple reaction monitoring mode. The 
performance of the method was very satisfactory with results meeting validation 
criteria for different tea matrices, (48) pesticides could be validated with a recovery 
range of 70-120 % and RSD of ≤20 %. So, the method has been successfully applied 
for the determination of pesticides residues in imported tea samples (Green and 
Black) to UAE as well as two slimming brand of tea. 
 
4.3 Detection of Pesticides in Real Tea Samples Imported To UAE 
Five different brands of black tea and six different brands of green tea including the 
sliming tea have been investigated using the validated analysis method. The black tea 
samples were found to be free from pesticides, while the green tea has three 
pesticides detected, Acetamiprid, Buprofezin and Difenoconazole. The concentration 
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Appendix A: Calibration Plots of 38 pesticides in Acetonitrile solvent, in the       
concentration range 10 -200 ng mL
-1
 (5 levels, 3 replicates for each level)      
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Appendix B: Calibration Plots of 10 pesticides in Ethyl acetate solvent, in the 
concentration range 10 -200 ng mL
-1
 (5 levels, 3 replicates for each level) 
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Appendix C: Calibration Plots of 38 pesticides in Green tea, in the 
concentration range 10 -200 ng mL
-1
 (5 levels, 3 replicates for each level) 
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Appendix D: Calibration Plots of 38 pesticides in black tea, in the concentration 
range 10 -200 ng mL
-1
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Appendix E: Calibration Plots of 10 pesticides in green tea, in the 
concentration range 10 -200 ng mL
-1
 (5 levels, 3 replicates for each level) 
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Appendix F: Calibration Plots of 10 pesticides in black tea, in the 
concentration range 10 -200 ng mL
-1
 (5 levels, 3 replicates for each level) 
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Figure F10: Tebuconazole Calibration Curve
 
